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This fs the third of four courses on Fieating and ventilating. The previous courses discussed blueprints, tools and piping; electricity, insulation, principles 
of heating, and heating units. This course offers instruction on gravity and forced warm-air heating equipment, including its installation, operation, and 
maintenance, in addition there is a lesson on the characteristics, effectiveness, and advantages of several types of high-temperature hot-water (HTHW) 
heating system^r* This course consists of the^following three lessons: 

Lesson 1 - Warm-Air Heattnst conxains information on gravity warnri^air heating systems and forced warm-air heating systems including \ 
an explanation of the furnaces and ducts ^sed in each system. , 

Lesson 2 - Domestic Hot-Water Heating discusses the types, accessories, installation, operation, and maintenance of hot-water boilers; 
gravity and forced-circulation hot-water distribution systems; ajodjjot-water heaters. * 

. Lesson 3 - High-Temperature Hot-Water Heating covers the characteristics, types, pressurlzation, operation, and safety charal^teristics of 

high'temperature hot-water heating systems. The safety characteristics of steam and hot water, and installing the piping system 
are also explained. 

The student workbook contains lesson objectives, text assignments, lesson review exercises, the ansvwrs to thel^ercises and a discussiofWig^those answers. 
The text contains the reading assignmients. A course examination is also provided, but no answers are available! The course was designed n>r student self- 
study and evaluation and can be used for independent remedial work or advanced study. % 
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INTRODUCTION 



This is the third of four subcourses on the 
iljlbject of Heating and Ventilating. The pr^ 
jqjg^g subcourse discussed heat transfer, 
|i)^Is, and thelpperation of furnaces and boil- 
U The present subcourse gives instruction 
gravity and forced warm-air heating 
[pmentt including its installatioia, opera- 
and maintenance. In addition, there is. a 
lleliM on the characteristics, effedtiveness, 
|4i^l^idvantages of several types of liigh- 
||;|^«jperati^ hot-water (HTHW^ heating 

i^^^i^^ subtourse consists of thriee lessons and 
> |«,U»tion as fotowsf , • 

Iietson 1. Warni-air Heatings 

j , 2. Domestic Hpt'-water Heating. 

3. High-Temperature Hot-water 
Heating. • . 



Examination. 



Eight creclit hours are allowed for this sub- 
course. You will not be limited as to thi 
.number of hours that y'bu may spend on the 
subcourse, any yesson; or the examination. 

Text, furnished: Memorandum^ ^6, Heat- 
ing and Ventilating Im (Warm-aii; and Hot- 
Water Heating), 

Each exercise" has fiJur choices with only 
ONE best answer. Select' the choice that you 
belelve is best. Check your answers with the 
solutions found in this subcourse packet. 

; When you have completed all lessons to 
your satisfaction, complete' the examination 
and forward the examination answer card to ^ 
the USAES for igrading. The grade yor 
receive on the examination is your grade for 
the subcourse. 
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LESSON 1 

WARM-AIR HEATING 



.CREDIT HOURS „^^-. 
fiXT ASSIGNMENT ^1' 
lESSOM OilECTIvi 



.MemoranduiTU 566, Chapter I. 

.to teacK you the principles of warm^iir heat- 
ing systems and the use and maintenance 
of the equipment used in this lieating 
process. 



EXERCISES 



'Requiremeiit. Solve the following multiple-, 
chmce exercise^ ; - 

li Warm air is circulated in the 
gravity warm^air system by 

a* direct conduction * 

b. indirect radiation 

c natural convection 

4* indirect gravitation ^ 

2. The total cross-section^ area of 
all the warm-air ducts in a gravity 
/ warm-air heating system is 50 square 
ihcheg; tterefore, the total cross-sec- 
tional aredr of all the cotd-air ducts ihudt 
be at least how many square inches ? 



b. 50 



c. 70 

t 

d* 80 



3» You are installing a gravity 
warm-air duct 20 feet long* How many 
inches of upward pitch would you giv^ 
to this duct? 



aw 5 
b. 10 



20 
d, 25 



4. Vifhich of the following^ would 
you use to seal gastight the sections 
of a ^ast iron furnace? 

a. , graphite rope 

b. , tar paper 

c. manila fiber tape. 

d. furnace cement 

5. If a bottomi floor panel is not 
furnished with a gas furnace, you would 
make the casing airtight with 

c asbestos paper 

' baffles . 



a«^. cement 
b, tar 



You must use a locally manu-^ 
factured downdraft diverter in a gas- 
fired furnace. Before installing it, you 
make sure that it 

a. has been cdibrated for this imit 

b. is ihh adjustable type 

c has large vent-pipe sheet 
d. is the correct size 

7. A horizontal smokepipe 6 feet 
long \<^ould require a pitch of at least 



^ 1 inch 0. 6 inches 

li. 3 inches ' d. 8 inches^ 

- , ■ ' * • .. 

8. A chimney having a cross-sec- 
tional area t>f 3 square feet was erected 
at jsip Ariny post situated at sea level. 
If you had to construct such a chinmey 
^at a post located 5000 feet above sea 
level, VfbBt would be its minimum ci^- 
sectional area in square feet? 

a» 3 ^ c 4 

b, 3.6 ^ d. 4.2 

9. The peak of the roof of a build- 
ing is 25 feet high. What should be the 
rainiipum height of its chimney in feet? 

a, 25 c, 31 
; b. 28 d, 34 

10, A furnace has an input rating 
of one million Btu per hour. How many 
square inches of area ixi the free air 
opening must be provided to supply 
combustion air to the furnace? 

1,000 c. 100,000, 

b, 10,000 d. 1,000,000 

U. A newly assembled cast, iron 
furnace has a caauig.with a crack in it. 
What is tine probable, cause? 

a. nhoTt push nipple 

b. ^bolts too loose 
e. missing bdit 
d/ bolts too tight 

12. Why are metsl pipes covered 
with asbestos paper? 
n. lower furnace temperature 
h* prevent leaks 

c. increase radiation 
reduce heat loss 

18, What action would you take 
if your warm-air heating system kept 



some rooms at 65"" F and other rooms 
at 79^ P? 

a. remake furnace fire 

b. decrease furnace fire 

c. adjust the dampers 

d. balance the butterfly valves 

14. In maintaining the air ducts for 
gravity heating, you should clean them 
with a vacuum cleaner once each 

Mm day . c. month 

b. week d. season 

15. The primary difference between 
the forced warm-air heaUng system and 
the gravity heating system is in the 

a. placement of the cold-air returns - 

. b* method of circulating the air 

c« number of registers 

d» number of warm-air pipes 

16. Which of the following allows 
the forced warm-air system furnace io 
be placed on the same floor as the rooms 
to be heated? 

a. fan or blower 

b. cold«air returns attached to ceiling * 

c. the ntmiber of registers 

d. the use of small ducts 

17. In maintaining a forced warm- 
air furnace, how often would you inspect 
the air filters? 

a. once each week 

b. twice each week 
Ck bnce a month 

d. twice a month 

18. How much play would you allow 
in the blower belt of a forced warm-air 
furnace? 

a. V4 to Vo inch 
b* tb % inch 



c V/n to 2% inches \ * 
d. 1 to Hit inches ' 

./ 

''IS, In the i^orced warm-air heating 
syatem, the air ducts are usually 

a. larger than gravity air ducts ^ 

b. attached to the walls of the heated 
rooms 



G, sloped up 0,50 inch per 6 feet 
d* hung from the ceiling 

20, At how many feet per minute 
* should the air issue from the register 
of a forced warm-air heating system? 

a. 35 c 45 

- b. 40 d. 50 
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DOMESTIC HOT-WATER HEATING 
CREDIT HOURS ____2 

TEXT ASSIGNMENT __ .... Memorandum 566, Chapter 2. 

LESSbN OBJECTIVE * To teach you the installation, operation, and 

" * . maintenance of hot-water boiler^^ heaters, 

and their distribution systems. 

. — ' • ^ 

EXERCISES 

BeqnlMment Solve the foUawing multiple* c, size of smoke paaMgea ^ 

a« location of combustion chamber 

< 1. Tlie hot^water boiler that has a « rm. ^ - 1:^1 

self-contained firebox and is somewhat ^ .^llr^ reUrf valve on a 

portable is caUed hot-water boUer may corrode or stick, 

^ and therefore should be forced to op- 

au self-contained c ^culating erate once each 

' - ■ • ' ', • \ ■ ■ 

b. skid^moimted d. package a. hour c. week 

2. What type of boiler is con- . ^- ""'^^^^ 

stnicted in several sections? ^ • \ 

6. In the event of an induced or a 

a. cast iron wrought iron forced ^draft faUure in a boiler, which 

b. " ateel d. brick of the following would shut down the 

firing equipment? 

3. The liumber of intermediate sec- a. akflow switch 

tions in a square cast iron boiler is de- u , ^1 

temined by the size of tiie pressure reUef valve 

( a. push nipple c boiler c. pressure gage 

be header d. firebox ^^^^^ ^^^^^ 

4. One of tiie two sections of The baffles in a hot-waterboUer 
ateel hot-water boiler consists of the a, reduce water evaporation 

base and either the grates or burner. 

It is constructed accordng to the ^^^^ ^i® 

number of water jackets c. mix air and fuel 

b, type of fuel used d. clean boiler tubes 



8. A steel bofler has developed a 
, very large hole in the boiler flue. What 

ahould'you do? 

a. .weld the hole 

b. cover hole with asbestos paper 
e. replace the flue 

d. replace a boiler section 

9. Id the two-pipe open-type gravi- 
ty system, the amount of temperature 
drop between the begizming and the end 
of the line depends upon 

a. radiator size and atmos^ere vent 

b. location ^f expansion tank 

e. size of pneumatic compression tank 
d. length of main and the heating load 

10, In a gravity open-tank system, 
with an average boiler teniperature of 
170^ P, the r^tdiator emission rate of 
Btupsfis ^ 

a. 100 . c 135 

b- 125 d. 150 . 

11, The expansion tanks in the 
gi*avity and forced circulation systems 

a* allow water in distributioix syitem 
to expand 

b. hold the water extracted from the 
steam lines 

c hold thci steam extracted from the 
\ water lines 

d. force water in distribution system 
to condense 

12, When a hot-water syjstem is 
first flUed with water, it is normally 
necessary to 

a. close air vente on tibe radiators 

b. keep^ water temperature below 150® 

c. increaiae intake of air 

d. bleed air out of dystem 



18. In the one-pipe, closed-tank, - 
' forced circulating system, which of the 
following would you install to improve 
the circulation through individual radia- 
tors? 

a. pressure valves c. elbows 

b, connecting tees. d. branches 

14. You are installing a 100-foot 
branch line in a hot-water system. How 
many inches of pitch, as a miniTw^^iir^^ do 

/you give to this /line? 

a. 4 c 10 

b. 6 d. 12 

15. ' You^d a badly cracked section 
in your cast iron radiator. This section ' 
should be ' . 

a. riveted r c replaced 

b. welded d. inverted 

16. The boiler of your hot water 
system smokes through the feed doors. 
There are no chimney leaks« Which of 
the following do you do next? 

a. blow down the boiler 

b. mcrease furnace draft 

c. change kind of fuel > 

d. clean flues and flue pipes 

17. ^ The radiators in a forced circu- 
lation hot-water heating system will 
not heat. There is sufficient water in 

» the system, radiator valves are open, 
no corrosion is present, and you have 
bled the air from the system. Which of 
the following' would you do next? 

a. check circulation pump 

' b. clean boiler flues 

c. change to Ico'ger boiler 

d. increase draft 



17 



10 



18. The diatributioQ piping in a hot- 
water sj^em taila to transfer water to 
the upper radiators* There ia no stop- 
page ^ the linesi the circulation pump 
runs, and you have bled the air from 
the system. Which of the following 
could be the cause of this failure? 

a. insufficient water 

b. ^ decreased furnace draft 
c wrong type of fuel 

d. chimney leaks 



19. Boiler water is not used for 
domestic purposes because 

a. it is too hot 

b. of chemical added 

a quantity is limited ^ 
d. it has been aerated 

20. ^ What is' the gallon capacity of 
domestic hot-watw heaters? 



5 to 10 
h. 5 to 20 



c 10 to 25 
d. 20 to 50 
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LESSON 3 y 

, HIGH-TEMPEIUTURE ^HOT-WATER (HTHW) HEATING 
CREDIT HOURS 2 

TEXT ASSIGNMENT — ^-^^emorqndum 566, Chapter 3. . 

LESSON OBJECTIVE ^_To teach you the operation and maintenance 

of HTHW systems, tHfc characteristics of 
their heat^arrying media, and the instaliq- 
tion of piping equipment. 



EXERCISES 



Bequirement Solve the following mulitple* 
choice exercises. 

1* The HTHW systeni uses very 
yttle make-up water because it 

>. a ^oaed system ' 

b. requiires frequent blowdowns 

e. has considerable leakage 

d« operates at low thermal level 

2. ' What is the total of Btu/cu. ft 
of water under 60 psi gage preaaure 

V and at a temperature of BOS'* P? 

- a. 13,8{^ c* 15,000 

b. 14,000 d. 15,840 

3. if water and steam each were 
subjected to 70 pdg at a temperature 
of SIO"* F, the water would cdhtain how 
many times more Btu/cu» ft thanVouId 



the steam? 
«. 60 
b, 58' 



r 

c. 63 

d. 71 



0. 



4. When the temperature of the 
water in an HTKW system is lOO"* F, the 



density. is about B3 pounds per cubic 
foot What will be the density of the 
water in pounds per cubic foot when 
the temperature rises to 200^ F? 



60 
b. 70 



. 0. 90 
d. 120 



5. Which of the following is an uli- 
portant characteristic bf the HTHW 
system? 

a. constant water density 

b. ni> pipe radiation 

c. simt^ity of construction 

d. * no pump leakage 

6. A 1-inch steam line transfers 
9000 Btu per hour. If this heating sys- 
tem is changed tip HTHW, how many 
Btu would you expect the line to trans- 
mit? 



a. 9,000 

b. 27,000 



c. 270,000 

d, ' 900,000 



7. For a given volume, steam con- 
tains how many times more heat than 
does air? 



a. 38 to 65 

b. 38 to 70 



c. 40 to 80 

d. 40 to 90 



ft. 



^^8,^ The high fahrienheit tempera- 
lure raige for most military HTJHW 
hea^^plG^ts iaj 

100° to 200** c. 300° to 4iK)° 



200° to 300^ 



d. 350° to 450° 



9. The second pump in the two- 
pump HTHF system is used to / 

^a, pimp water to distribution sjbtem ^ 

circulate water through generator 

c. curculate water throughout system 
d* pump water to expansion tank 

10* In the cascade heater methods 
the water is heated by 

a. directcontact with steam 

b. inert gas pressmv^ * 
e. a steam boiler 

\ 

d. a hot-water generator 

^ 11. In' pressurizing the HIHfT sys- 
temi an eicpansion tank is required. 
Why? 

a« water expands when heated 

b. it reduces saturation temperatures 

e» it prevente vaporization when tem- 
. peratiire falls 

d. it keep| water bfelow 212° P / 

12^ When operating with the satu- 
rated-steam cushion design .ki pres^^ 
surizing the HTHW system, it neces- 
sary to generate an excess amount of 
heat in order to 

Sk allow for expansion in drum 

. ■■.'^ • - , ^ ■ ■ 
b* increase flow of hot water 

^. • • ■ 

e. provide' saturatedt e|e^«^ 



d^ olfset radiant hMt I 



J' 



18. Which of the following is a 
characteristic of the mechanical-gas 
cushion design for pressurizing fbe 
HTHW system? * ^ 

extni lafge^stean^ drum 

expansion tank is part of generator 



a.^ 
b. 



expansion 
generator 

subject to 
steam 




is independent of 
ent flashing of 



14, What is tlie minimum number 
of gallons of sodium sulfite that you 
would use to treat five million gsillons 
^of water? \ 



a. 50 

b, 100^ 



.c, 130 
d. 150 



ISf A low-pressure steam Une is at 
5 psi and 230° R A break in this line 
would eause the discharge of this steam 
into the « atmosphere a.t a velocity of 
how many feet per second? 



a. 1000 

b. 1200 



c, 1500 

d. 1600 



16. A'high-pressure steam line is at 
125 psi 3and 300° P. A break in this line 
would caiise the discharge of the steam 
at a Vdocity of how many feet per 
second? 



a. 1200 

b. 1400 



c 1600- 
d. 1800 



H* A break in a low-pressure water 
line at 15 psi and 200° F would cause 
discharge of the water at a velocity of 
how niany feet per second? 



, a. 175 
b. 500 



c. IQOO 

d. It50 



18. Which of the following could 
cause an explosion in a steam boiler? 



a. steam pressure equaling atmos- 
phetric prei^ure 

b. excessive steam pressure inside''^ 
steam <}rum * 

' c, fiuddcn lowering of water level 

d. collapse of generator tube 

19. After the loss of water on th^ ^ 
inside of the tubes, tube failuse in a 



foi'ced circulation HTHW system can 
tkke place in 



/a. \2 seconds 
b. 30 seconds 



c. 1 minute 

d. 2 .minutes 



20, All piping in an HTHW system 
should be ^ ^ 

a» riveted c cemented 



b. soldered 



d. welded 



r 
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Each exercise has a weight of 5, All references are to Memorandum 566-2, 





c 


(par 1-1) 




11. 


d 


(par 1-13) 




b 


(par 1-2) 




12. 


d 


(par 1-27) 


a. 


c 


(par 1-3) 




13. 


c 


(par 1-31) 


"4. 


d 


(par 1-5) 




' 14. 


d 


(par 1-32) 


5. 


a 


(par 1-15) 


15. 


b 


(par 2-1) 




a 


(par 1-16) 




16. 


a 


(par 2-3) 


7. 


c 


(par 1-17) 




17. 


a 


(par 2-llb) 


. 8. 


b 


(par 1.1&) 




18. 


c 


(par 2-lt) 


9. 


b 


(par 1-19) 




19. 


d 


(par 2-14) 


10. 


a 


(par 1-20) 




20. 


d 


(par 2-18) 



b^or further explanation, see DiscussioxL 
* 



All concenied will be carefnl thmt neither this solnti^ nor infommtloa concerning the 
smme comes into the possession of students or prospective students who have not completed 
the work to wliich it pertains. 
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. DISCUSSION 

Ezercbd: ^ \ 

X^ ), In the gravity warm*8ar syBtem, natanl oonvectloii (c). causes circulation. The cir- 
culation takes place because of the difference in weight between warm air and cold air. 

2. The total cross-sectional area of all the cold-air ducts must be at least equal to the 
total crosiHsectional area of all the warm-air ducts — 50 (b) square inches.^ 

3. the ducts are installed with at l^t ^1 inch of upwax^Tpitch pet linear foot and 
leaves ropm for proper air drculation. 20 x V == W (c) 

4. iron fiunaces are constructed in sections which are made gastight with asbestos 
rope pacIdngraAd furnace cMnent (d). 

5. If there is no bottom floor panel furnished, grout the" casing to mak^it airtight by 
chipping and wetting the floor, and then using a* liberal amount of cement (a) mixture. 

6» Divertera are developed for iudivldual^^fux^aces, so you should never use a diverter 
of local manufacture unless it has been calibrated for the i^eciflc lieatiiig,unlt<a). 

\ .7. Bjstall all horizontal smokepipes so that they have a pitch of not less than 1 inch 
per Ihiear foot, as iUustrated in figure 4. 6 ''^ X .r' = 6'' (c^ 

8. To be satisfactory above sea level, the area of the chimney must be iacreasea 4% for 
feach 1000 feet above sea level. 

- J«)00 ^ JpOO = 5 X 4% = 20% increase 

3' X .20 .6 square feet increase 

3' + ,6' == 3.6 square feet (b) 

0* The chimney must never be less than 15 ^t high and always extend at least 3 feet 
above the peak of the roof. 

25' + = 28^ (b) 

10. An opening having 1 iquar^ inch of free air area must be provided for each 1000 
Btu per hour of furnace input rating, with a minimum of 200 square indies. 

1,000,000 1000^ 1000 Btu X 1 sq in = 1000 sq in 

11. ^Ita must be tightened with care. Drawtng bolts too tight (d) cracks or breaks a 
casing or mbldes a steel pU 

I2t The metal pipes are covered with a thin layer of asbestos paper to reduce heat loss 
(d) through radiation. ^ 

1$; You can balance the heating system by ad juittng the dampe|p (c) in the duct branches 
while ftumace is in full operation. 

■/ ■■' . ■23- , . . '.. . 
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\ 14, Gravity cold-air and warm-air ducts require very little maiatenance. *So that the 
warm air flows properly, clean the ducts with a vacuimi cleaner once each 8eas<m (d)« 

^ 15. The difference between the two heating systems is in the method of circulating the 
air (b). Gravity causes the air to circulate in^^he gravity system, and an electric blower or fan " 
causes l^e air to circulate in a forced warm-air heating system. 

>^>^16. The furnace can be located on tibie same flooi^ as the rooms to bj^ heated because the 
^fanjor bloweii^(a) insur^ ^t warm air reaches all the rooms. 

'17. Inspect air filters at least cmoe each week (a). You should clean or replace them 
whenever they need cl^mii^jg^ or replacing. 

18* Unless the manufacturer recommends tighter adjustment, ^just the base of the mo- 
tor so that there is ll^^cbtm to 2^ inches (c) of play ip the belt» as illustrated in 'figure 11. 

19. Both the warm-air and cold-air ducts are usually hung from the ceiling (d) with 
metal strapping. 

^ 

\ 20. ,Ypu should regulate the dampers uj^til the air from the register is about 50 (d) feet 
per minute. Take this measurement about three-fourths of the distance away from the regis- 
ter to the opposite wall. ^ / 



J 
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f SOLUTIONS 

Each exercise has a weight of 5. All references are to Memorj^dum 566-2. 



1. 


d (par 3-2) 


• 11. 


a 


(par 4-11) 


2. 


a (par' 3-3) 


12. 


d 


(par 4-13) . 


3. 


c (par 3-6) 


13. 


b 


(par 4-17) 


4. 


h (par 3-10) 


' ■ 14. 


c 


(par 4-21) 


5. 


<l« (par 3.14)' 


15. 


c 


(par 4-22) 


6. 


a (par 3-18) 


. 16. 


d 


(par 4-37) 


T. 


b (ar 3^21) 


■ 17, 


.a 


(par 4-37) 


8. 


c 3-25) 


18. 


d' 


(par 4-37) \ 


9. 


d (ptur 4-6) 


19. 


b 


(par 5-1) 


10. 


d (par 4-9) - 


20. 


d 


4gw5-2) 



For further explanation, see Discussion. 
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DISCUSSION 



'Exerdse:, rrWr^l^ \ i 



* 1. The (d) boiler^is generally one with, a self-contaihfed firebox andji some- 

what portaWe^^^liis account ' • 

7^. / .^^j-'-i: ■ . ^ ,. i-;' . . . 

%. Ca#t|l ixbii (s) boilers ar| usually eondtiiicted of several sections joined by some form 
of connections^ siic^ as push ^ 

' ' . ' ' ' ' \ ^ ' - ^ 

• 3. Sqiiki^ sectional cast-iirtm type boilers consist of a front and rear section and a num- ^ 
be^Df intern](ed^te sections dep^ding on the size of the boiler (c). 

4. Most |iot-water boilersf are constructed in two sections. The si^tion consisting of the 
base and eitKytfthe grates or bu^er is constructed according to the tj^ of fuel used (b)« 

5. Pres^iure relief valves jtnay corrode or stick if they are not forced to operate occasion- 
ally. It is gdofd practice once edjh montibi (d) to increase the pressure to a poinjt that operates 
the valves. ^ y „ , ! - . ' 

' • "■ - ..'^■"r- •" . r „ . - ■ ■■ .■ • . ■ • . ' 

6* Tht^Jidrflow switch (i) shuts down the firing eqpipment in event of an induced or 

forced draft liMIure^ ^ 

7« Boilers are designed ^th bafSes xn, order to hold the hot gases (b) as long as possible. 
In this way, the gases give tj^j^axiinum heat before passing into the chimney, 

8. Whfen steel bo^rs dj&velop a leak, weld or rivet them; but when a boiler flue is un- 
servi(^^le, ii&place (c) it. • i _ 

9. The amount Of tem|erature? drop between the beginning and the end 6f the line de- 
pends upon lengtb of the jbnmin and upon the heating load (d)v 

' "^l • . _ . 

10. A |travity -open-tan| system with an average "boiler water tempemture of 170"* P has 
a radiiitor e:ifniMion ra^ 

11. Irifthe gravity andlbrced circulation systems, open and dosed expansion tanks allow 
^>tbe water in the dbtributloiqlsys^ 

12. When a hot-wate J system is first filled with water, it is normally necessary to bleed 
the air out of the system (d) at the same time. You can remove tb*^ air by opening an air vent 
on a radiator or by breakiitg a uxdon near the end of the line. 

IS. The circulation |o individual radiators is improved by special supply and return con- 
0 necting tees (b)* These ti^s combine to use a portion of the velocity head in the main in order 
to increase Circulation through the radiators. , ^ 

14. The pitch is geiieraJlynoVless t^ 1 inch for every 10 feet of branch line. 100' rf- 
10' = 10 X r = l(K'(e) ' ^ 

15« A radiator is Jidually constructed of cast iron and assembled in sections as shown in 
figure 24. Damaged ww^tor sections can be replaced (c) without replacing the entire radia- 
tor aswmbly. . - ^ 



In the list of discrepanciea in par 4*37, the retnedy indicated is to clean the boiler 
flues and flue pipes (d) as there are no chimney leaks in this instance. 

To get circulation of the hot water through the radiators under the conditions de- 
scribedi you should check the operation of the drculation pump (a)> as suggested in par 4*37. 

. 18* In the situatiion described, the most likely cause is insufficient water (a)t as indicated 
in the discrepiwcy list in par ^4^^ 

X9» Clean water is required in many installations for domestic and industrial use. Since 
boiler water cannot be used for this purpose because of the chemical added (b), it is necessary 
to heat other water. 

20« Ppmestic hot*water heatexs are built in various siases from 20« to 50- (d) gallon capaci- 
,ties. Industrial type hot«*water heaters are designed to heat thousands of gsOlons of water, de- 
pending on the amount an installation uses. 
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SUBCOURSE 5^-2 'Heating and Ventilating III (Warm-AIr and 

s Hot-Water Heatlng>. 

LESSON 3 . . i . . Hlgh-Temperature Hot-Water Heating. 

SOLUTIONS 

Each .exercise has a weight of 5. All references are to Memorandum 566-2. 

1. o (par 6^) 11. o (par 8-1) 

2. d (Table I) 12. d (jpar 8-2) 

3. d (Table I) 13. c (par 8-6) 

4. a (par 6-6) 14. & (par 9-1) ' 

5. e (par 6-9) ^ 15. c (par 10-2; 

6. VC (par 6-13) 16. c (par 10-3) 

7. 6 (par 6-17) . 17. a (par 10-4) 

8. d (par 7-1) 18. b (par 10-7) 

9. b (par 7-3) * „ 19. a (par 10-8) 
10. a (par 7-4) 2a d (par 11-1) 



For further explanation,; see Discussion. 



^ DISCUSSION 

£xercfoe: 

1. The HTHW system. to » doMd vyitem (a). Very little water is consumed during 
operation, which means that only a small amount of make-up water is used, practically elimi- 
nating boiler blowdown. 

2« The water has ISjSiOi (d) 6tu/eu. ft, as shown in Table L 

9. The water would store 71 (d) times more heat thui the steam would, as shown in 
Tablet * 

. ♦ ■ ♦ 

4. When the temperature rises to 200"* P, the density drops to 60 (a) pounds per cu. ft, 
and the percent of increase in volume rises from almost zera to 2,50 percent 

. 5/ An important characteristic of thd HTHW system is its simplicity of construction (c) 
with the absence of complicated traps and valves, 

6» For a glveu size of line, about 30 times as much heat can be transmitted by water 
than can by steam. For the exercise, 9000 x 30 == JW0,000 (c) Btu. 

74 A given volume of steam is capable of containing a great amotmt of heat (38 to 70 (b) 
times that of air) and, like HTHW, is a good means of transfexring heat for long distances. 

' S* The high-temperatvre range for most military and federal heating plants is SSO"" P 
to 450"^ F (d), which corresponds to saturate 

9« The two<pump system tuies one pump to circulate the water through the distribution 
Bynbtm, and a second pump to cbeolsie the water through the genen (b) for positive cir- 
ciflation. - _ . 

10» In the cascade heater, the water is forced through spray nozzles, and comes into 
direct contact with the steam The iteam condenses into the circulating water. 

11* An expansion tank is required because the water is not compressible to a smaller 
volume, and the water expands whai heated (a). 

12. Excess heat is generated to olbet radiant heat loss (d) from the ^cpansion tank. 

IS. The expansion tank is hidependent of the generator (c) and remams cobl. 

' 14. To prevent o^q^gen corrosion^ add the chemical .to furnish 20 to 40 parts of sodium 
sulfite per million parts (ppm) of water* 

5,000,000 ^5 (minO X 5 = 100 (b) gaUons 
1,000,000 

15. Steam at 5 psi and 230"^ F discharges to the atmosphere at a temperature of approxi- 
mately 229^ P and at a velocity of about 1500 (c) feet per second 



19* Steam at 125 psi and 300"* P iM difidiarged into the atmosphere at 290"^ P and a velocU 
ty of about 1600 (e) feet per second. Because of the greater e?cpansion that takes place, tiiere 
is a slightly spreater drop in temperature with high«*pressure steam, 

Vt. Water^at 15 psi and 200*=^ P dischai^es through a break into the atmosphere at about 
the same temperature and at a velocity of about 175 (a) feet per second. Less hazard is present 
in this case than with steam, because the lower water-ejection velocity does not tend to fill the 
inclosure* 

18. £bcplosion of a steani boiler can be the result jof excessive steam pressure created 
Inside the steam drum (b). When this happens^ considerable damage is sustained by the heat- 
ing plant. ^ 

*■ ■ '■ . • 

19. The tube collapees from overheating when liquid contact is lost on the interior of 
the tubes for as short a time as 2 minutes (d)^ . 

20. All piping in mlSTHW system should be welded (d). No screwed joints should be 
permitted/ and flanges allowed only where necesswy. 
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EXERCISES 



Itequirem^iit, Solve the following multiple* 
choice exerciaee* 

1. A fibrehrick lining 10 inatalled in 
the combustion chamber of a steel fur- 
nace in order to ^ 

iu increase Hame 

b. reduoe fuel consumption 

e< ^ act as heat exchanger 

a» proteet its wall 

2. Which of the following accounts 
for the circulation of wum air in a 
gravis warm-air furnace? 

a. the blower fan 

b« back pressure 

e. warm air is lighter than cool air 

du setting 

• " ■ ' • - 

St Humidi£i,er8 4n fvumces usua^^ 
consist of a pan and a float-operated 
needle control valve* This valve con^ 
trols the 

9u temperature of room 
. b» air flow 

eWtlON 2 (NRI 201) 



c, water level in the pan 

d. back pressure of warm air 

4* Which of the following would 
you use for a base on which to install 
a furnace? 



a. sand 
b» masonry 



c. asbestos 
d« rubber 



5. In installing a furnace, which of 
the following would you use to make 
sure that the unit is level? o 

a. spirit level . 

^ b. steel tcijpe" 

c. T-squfre . * 

d. 'mason's square ^ - , 

6. Which of the following would 
you use to seal the .joints of furnace 
sections gastight? 

a. furnace cement 

b. asbestos paper 
c» liquid wood 

d« furnace shims 
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7* ^ The croW'Sectional flue area of 
a chimney is 8" x 16^ What is the 
maximm diacieter; m inchea^ of fur- 
nace fine pipe that may hp correpUy 
iiaed? 



m 10 
b. 12 



14 
cL 16 



S. In maintaining gravity waxmo 
air fumacea/ you would bear in mind 
pit depoaits on the heat exchanger 

a. increase heat transmisaion 
b* reduce funxace draft 
c. insulate it 

d« create air leaka 

- ■ ■ •• , 

9. Tou utt installing a warm«air 
conditioning blower unit on a masonry 
base. What ia tiie minimum thicknessi 
in inchesi that you would malce this., 
base? ' - :/ / 



2 
3 



6. 



4 
5 



10^ In maintaining :^.ioft!ed warm'* 
air furnace, what is'^e minimum num* 
ber of times that you would oil the 
blower aSid the electric motor bearing^? 

a» montibly during heating season 

b^ once each quarter 

c* once each heating season 

Ai twice , each heating season 

11. The sections of a cast iron hot<^ 
water boiler are johied by 

header connections 



b. 

Ci 

d* 



baiSe joints 
capscrew plates 
adjusting rins^ 



101 Bound cast iron boil^ are built 
in aises that can supply a maximum of 
how many ikiuare feet of radiation? 



a. :L200 

b. 1500 



e. 1700 
d; 1850 




18« Which of the following would 
you Use to calibrate a pressure gage? 

a» airflow switch / 

b. deadweight tes^r 

c watto level control valve 

circulation/iiump pressure 



14. YcAi have cleaned the hudde of 
a boiler with a stream of hot water from 
a hose^/You dry the inside' of the boiler 
with;/ 

a^ <boiI»'a biurner 
In large fan 

c< compressed air ^ 
d. keiisene stove . 

15. In installing a one^pipe opeur 
tank gravity systrai, you located the 
larger radiators at , the end of the sys- 
tem in order to 

a. equalize heat radiation 

b. raise water temperature 

c. lower water temperature 

d. ^ decrease rate of water circulation 

16. ' The 0]^n gravity hot-water sys- 
tem is dedgned to operate at the maxi- 
mum boiler temperature of 180"* P, This 
gives an average radiator temperature 
Fahrenheit of 



b. 160' 



c.^170^ 
d* 180^ 



^ 17* A unit heater is one used to 
heat a localised area. How often should 
you inspect such a heater? 



a# daily 
b. weekly 



c. every 2 weeks 
df monthly 



1& How many valvea tre in the 
water circulating pump of a forced 
hot*water heating ayatem? 

* c 2 



a. 0 

b. 1 



3 



19. How often ahould you check the 
itew control valve in a forced hot-water 
iMf^ulating ayvtem? ' | 

lu daily c monthly 



b. weekly 



d, bi-mbnthly 



2(k Hot-water .heatera are ghusa 
lined in order to 

a. strengthen tank wall 

b. prevent heat loss 
c» resist corrosion 

d. Tnaintain water temperature 

- ' . . «» ^ - 

21. At what levpl of Fahrenheit 
temperature does the HHIW system 
miSntain its water? 

a, at 210^ c* . at 212^ 

b. below 210V d. above 212^ 

2lip When water is at a tempera- 
ture of 300'' Ft what is its approximate 
density in lb per eu ft? 

a. 49 c^ 55^^ 

b. 52 d. 57% 

- 28. Water at iOO^ F is increased in 
temperature to SOO^' F. Whal^ is the'ap- 
proximate percent of increase in water 
vohune? 



^ 3 
b. 4 



b. 5 

d. .7 



24. Which <)f the foHowing is the 
factor in the H^HW system that prac- 
ticany diminates inteimal corrosion? 

a. high-pH alkaline water 
b« low-pHalkalitte watw 
c^ pressure reducing valves 



d. rajpidi absorption of additional oxy- 
gen ' 

25. The heat in the HTHW system 
is about how many times greater tiian 
the heat in the steam system? 

a* 20 c 30 



b. 25 



d. 35 



»26. Water is about how many times 
as hieavy as steam? 

a. 3 ' c 7 

b. 5 d. iO 

27. The water used in the HTHW 
heating system is drawn from the lower 
part of the expansion tank. It is mixed 
with the system^s return water, and 
circulated throughout the system. This 
mixing is necessary in order to 

a. facilitate cavitation 

b. reduce gas pressure 
c prevent cavitation . 
d. reduce corrosion 

28. In starting up the HTHW sys- 
tern, you would fire the boiler at what 
percent of its r^ted capacity? 

a. 10 c 20 

b. 15 d. 25 



/ 



29. The specific kind of fuel used in, 
firing the boilers of HTHW systems de- 
pends upoii 

a. type* of firing equipment 

b. location of the heating plant 

c. size of fuel ston^e ar^a 

d» amount of impurities in^ the water 



30. A significant advanta^ 
HTlIW system is its 

a. high energy content 

b. relative safety 

c. generator tubes 

d. slow rate of corrosion 



of the 
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PREFACE 

THE (K)AL OF Hemorudtim 566 of this course is to prese&t a description 
of wann-mir systems, domestic hot-water heating systems, and high-' 
tampermtiu^ hotnwater heating systems. To maise tiius relevant to your 
Amy career, we. focused the discussions upon installing and maintaimng warm* 4*. 
i^r and hot-'Water heating sjnitems/ 

We have tried first to establish the principles for the heating system and tlien 
to describe the various, tj^aes of furnaces for the system before we discuss 
installation and maintehance. We follow much the same ord^ of presentation 
in our discussions of boilers, heat-carrying mfedia, pressuriring HTHW systems, 
piphig systems^ 4nd safety ^aspects ^of HTHW heating. 

Ketep this memorflmdum for you^ future use^ 
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CHAPTER 



Warin-Air Heating 



AHUNDR^P YEARS ago, fireplaces and 
. pptbcllied stoves were the most common 
heating' Systems. No^/ as heating systems, they 
are symbols of the past. As living standards rose, 
heating systems improved. Today most buildings 
are Iieated by warm*air systems. 

2; The military uaee both warxiX'*«ir and 
hot-w*terJie«ting tyitemB* For the fir^t system, 
the sourtei of heat is either the gravity warm- 
air furnace or the forded warm-ahr f uipace. For 
the second, the source is the hot-water boiler. 
Your job is to install and to maintyixi these 
systems* We want you to understand both sys- 
terns. . • 

3. Warm-air heating systems are of two types 
—gravity warm-air and forced warm-air. Our first 
chapter teils you how tliese systems work and 



how to install, fire, and mainfain the furnaces 
for these systems. 

1> Gravity Worm- Air Heating 
System " 

l-I. In the gravity warm^air system, natural 
convection causes circulation. The circulation 
takes place because of the difference in weight 
bet^vccn warm air and cold air. Warm air is lighter 
than cold ajr and rises when cold air replaces it. 
A typical gravity warm-air heating system is illus- 
tfated in figure L 

1-2. Operating a gravity warm-air system dc- 
jpends- on the size and locationvof the air ducts, 
the heat loss from fhe building, the heal from thie 
furnace, and the difference in the temperatures 




FlgNtt I. A typical gtaHty warmth heatmg system. 



ERLC 



37 



■-A 



the warm air and cold air. The most common 
'cause ol, unsatisfactory operation is insufficient 
duct area, usually in the cold-air return ducts. 
Hie total 'cross-sectional are* of all the cold-air 
ducts must be at least equal to the total cross- 
sectional area of all th? wartn-air d^ptis, 

1-3* The fumaqi^ for the gravity warm-air heat- 
ing system must be lower .than the warm-air 
* registers/ The gravity furnace is^usually in the 
basement. It needs at least 24- inches of clearance 
between the plenum or bonnet and the ceiling. 
This minimum clearance allows ducts to be in- 
stalled with at least 1 inch of upward pitch per 
linear foot and leaves room for proper air circu- 
lation^ ' 

1-4. Graivity - Wiirm-Air Furnaces. Gravity 
warm-air furnaces heat air that is later distributed 
through ducts to warm the individual rooms. 
As the air is heated in thfe furnace heat ex- 
changer, it expands and becomes lighter than the 
cool air returning to* the furnace. The warn^fi 
air rises and passes into the ducts which are 
connected to the top of the furnace. The ducts 
are usually sheet metal pipes that rise continuously 
from the furnace to the wam^-air register^ from 
whidh"the air is released into the space to be 
heated* 

1-5. dravity warita-air fumaces are constructed 
of either cast iron or steel. Cast iron furnaces are 
constructed in sections which are made gastight 
with asbestos-^rope packing and furnace cement. 
The cast iron furnaces usually include a secondary 
heating^ chamber or radiator which is in the shape 
of a hollow doughnut and mounted on top. Fig- 
ure 2 illustrates a cast iron-fumace. Steel fur- 
naces pre made of welded heavy-gage steel with 
a firebrick lining in the combustion chamber to 




Figitrt 2, 'A cast iron furnac&* ' 




Figure 3. One type of steel fumacf, 

protect its walk They also have "one or more 
secondary lieat exchangers at the, back or side. 
The heat exchangers may surround the furnace. 
These furnaces can be designed to bum all. types 
of fuel. One type of steel furnace is shown in 
figure 3. ^ 

1-6- A major concern j)f proper heating, next 
to temperature, is that of humidity in the air. 
Consequently, an important device called the ' 
humidifier is used to keep the heated air moist. 
The unit is an important part of every warm-air 
heating system. Unless you -add moisture to the 
air during the operation of a warm-air furnace, 
the air is very dry when it enters the spaces ♦ 
being heat<;d. The jack 'Of moisture has its adverse 
effect on tliie health of the people in these heated 
areas^ The dry air draws moisture out of the wood 
furniture and equipment, causing them to crack. 
Manufacturers install humidifiers on their furnaces 
as standard equipment to, eliminate the lack of 
moisture in warmrair heating systems. These hu- 
midifiers are usually of the pan type* They con- 
sist of a pan and a float-operated needle control 
valve. This float and needle valve control the 
W^ter level in the pan^,,Thc dry warm air passing 
over the surface of the water in the pan absorbs 
some of the moisture. This action causes the air 
to be more humid. 

1-7. With tfiis increase in humidity, the 'people ^ 
are more comfortable in the heated rooms at 
lower temperatures than if the air is dry at higher 
temperatures. You will note that the furnace in 
figure 3 has a humidifier pan« Unless the water 
used in these humidifiers is comparatively free 
from minerals and other foreign matter, the hu-^ 
midiiier pans will require frequent attention. The 
minerals and foreign matter collect on the float 
assembly and needle valve, causing the valve or 
the float to stick open and cause flooding. The 



float or valve may stick closed and prevent water 
from cmcring the pan. 

ihould iimUU fravity wArm-mir £urmc(» in «c- 
qotdftnce with the hlucprintjii disgrmms, and other 
Instruotioiit fttrniahed by the xnanuf acturer with 
each fwmace* You ahoiUd alio be aure thit tHe 
funiacea are iwtaUed^ ao that they comply with 
pertinent poat directivea. Because there are many 
typea and makea of coal-, oil-, and gaa-fired 
liimacea on ttie market, detailed aiaembly in- 
atructlona to auit all ot these makes and ^ypea 
are not publiahed in this memorandum. However, 
^ paragraphs 1-9'through 1-20 g^ve you jjome gen- 
^iral installation requirements that apply to all 
wavm-air furnaces^ ^ 

1-9. Read arid study the assembly instructions 
that come with the furnace. Each piece 0f casting 
is manufactured to fit in its proper placcy Parts of 
one type of furnace are seldom interchangeable 
with parts of other types of furnaces. f 

1-10, The furnace must be level and on a 

masonry base. Do not install jthe furnace on a 
base constructed of wood or other combustible 
^ material. Jf tlie masonry base is uneven, level 
y^c furnace with 'steel or cast iron wedges (shims), 
or with the leveling bolts on the furnace. Always 
use a spirit leveL to make sure the unit is level. 

1-1 K There shourd be enough clearance for 
easy access for making repairs. Leave at least 
18 inches between the furnace and a wall con- 
structed of wood or other combustible material. 
It is a good practice to install asbestos boards 
on a wooden wall next to a furnace, this reduces 
the fire hazard. With masonry wails/ the units 
may be installed nearer the walls; however, le^ve 
enotigh room to permit proper seryicirtg. .Give 
special attention to ceiling clearance. Cover, the 
ceiling above the furnace with asbestos sheets 
pr a.<bcstos paper when the top of the furnace 
.is^closc to the ceiling. * 

1-12. Joints should be sealed with liberal 
amounts of furnace cement between the sections 
.10 insure that the furnace is gastight. Furnace 
cement is furnished with each cast iron furnace. 
Asbestos rope is alsO furnished with many fur- 
naces for certain applications, Follow the manu- 
facturer's instructions covering lis use. See to it 
that projections from the furnace, such' as smoke- 
pipes or cleanout doors, extend .ihrouch the out- 
side of the casing. 

M3, Bolls must ,bc tightened with care. 
Tighten each boll until almost tight, then, after 
you have installed all the bolts, g^radually tighten 
each one until all arc uniformly and properly 
tight. Drawing bolts too tight cracks or breaks a 
casmg or buckles a steel plate. 

M4, Whcnthe furnace is assembled, all doors 



must be checked for free operation and a tight 
fit. Air leaking around the doors . reduces com- 
bustion efficiency. Check the grates in coal fur- 
naces for free movement To install firebrick, 
follow the manufacturer's instructions. 

1-15. The furnace casing, bonnet, and gravity- 
return air shoe must be installed according to the 
manufacturer's instructions. Fasten the casings or 
panels securely. If they are interiocking, you 
should see that they are set properly in place 
and are airtight. If there is no botfom floor panel 
(gas or oil)^ grout the casing to make it airtight. 
Do this by chipping and wetting the floor and 
then using a liberal amount of cement mixture. If 
you use a circular casing, strip the joints with 
-asbestos paper to make them airtight. Use asbes- 
tos rope or a drawpband collar to make the 
connection bet^UJln the flue and the cleanout 
airtight. If baffles are furnished or recommended, 
install them in accordance with the manufacturer's 

r^eomraendations. When installlrig baHles, take 
rare to provide the proper distribution of air 
over the combustion chamber and radiator. Check 
the heat exchanger before installation for leaks 
and cracks. 

1-16. Only the downdraft diverters that come 
with the equipment should be installed. Diverters 
are developed for individual furnaces, so you 
should never use diverter% of local manufacture 
unless they have been calibrated for the specific 
heating unit. Downdraft diverters ar6 built into 
the furnace or more commonly installed in the 
gas flue close to the furnace. These diverters 
prevent excessive chimney drafts from going 
through the furnace and affecting combustion or 
even extinguishing the flame. They also prevent 
downdrafts from reaching the flame *and interfer- 
ing with combustion. Air is taken into the flue 
through the divcrtcr in the case of excessive draft, 
and expelled from the flue through the diverter 
in the case of a downdraft without ever gating 
into the combustion chamber. A view of the 
downdraft diverter can be seen in figure 30. 

1-17. Vents or smok^pipes should be at least 
as large as the smokepipc outlets on furnaces. 
Install all horizontal smokepipes so that they have 
a pitch of not less than I inch per linear (oot, 
as illustrated in figure 4. Fasten a vent or smoke, 
pipe to xHq furnace with at least three sheet metal 
screws. - - s 

1-18: There should be a tight fitting cleanout* 
for coal furrt'aces at the point where the smoke 
collar extends through the furnace casing, as show 
in figure 4. Usually the cleanouts for this location 
are provided by the manufacturer. Install a check- 
draft 4n the smokepipe, usually 18 to 36 inches 
from the smokepipe outlet of the furnace. Also, 
install the checkdraft with its hinges at the top of 
the pipe for easy lifting by a motor damper chain. 
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Figure 4. A iypicai mokepip<u installation. 



1^19^ The furmtce mmt bave Madeqtuite chlm* 
txey. Go<^ chinuieyA are built of ateel^ bri$k» or 
other material approved by the olB<se of the 
JPadlittes Engmeen Measure to hieure that the 
,c%liniiey baa a crosa-»ectiowtf area equal to or 
larger thaa the flue outlet of the furnace being, 
justalled. Tlie amaller dimeufliou of a rectanguUr 
chimney muit be at least two-thirds the furnace 
flue diameter. To be satisfactory above sea levels 
the afea of tiie cMmney must be ih^r^yised 4 per- 
cent f<;i]r iMiclS^,(0O feet oiT altitude tbo:^jB sea leveL 
Figure 4 shows one type of outside chimney. 
Ypu should make sure that the chimney is equip- 
ped with a soot and dirt cleanout at the base. 
The upper part of thef chimney is often construc- 
ted of a metal section that terminates with an 
appropriate hbod. You must check to see that 
the chinmey height at least meets manufacturer's 
recommendations/ Even so^ the chimney must 
never be less than 15 feet highr and always 



extend at least 3 feet above the peak of the 
roof. I 

1-20. The furnace room must be adequately 
ventilated to 3upply enough air for combustion w 
An opening having I square inch of, free-air 
area must be proN|1ded for each 1,000 Btu per - 
hour q( furnace input rating with a minimum of 
200 square inches/ Locate the opening al or near 
the flobrline whetllevcr. possible. In addition, you ^ 
should; provide iwo ' Ipuvered openings iri the 
ceiling/ one as close to each end of the furnace 
, room as- possible* to expel flue gases. These 
openings shoulfi have a .frccair area of at least 

200 square inches each. ^ V v 

1-2U Firing gravity wctrm-air fuhwces, Gix^- 
and oiWire^ gravity wairm-air heating systems 
usually havQ^ automatic controls for both the fur- 
nace and ^^ei supply, and, consequently they do 
not reqi^ir^ firemen for operation. 

\^21. /Muintalnmg sntvity warm-uir jurttaces. 



You should insiMsct und maiatminlKhivity warm-^ 
»ir funacM «ccordinf to * schedule preicribed 
for wch funiace« by AR'« or the local command. 
Inspect th« roof jftclm w well lui the abiokepipet 
from the Iniide $m welt it the outidde of the 
huildiny* Heplace «ny noticeable deterioration, 
•uch as a ruated hood, roof jack, or flueplpe* 
Replace the roof jack guy wirea if they are badly 
ruated. Check the chimney for cracka and holea^ 
and repair any defects to eliminate air leaka. 
When cold air enters the chimney and dilutes the. 
warm air^ it reduces the draft. All soot and fly 
ash must be removed from the cUmney and flue 
cleaiiouts* Inspect the draft dampers for proper 
operation, and check the draft diverter for aoot 
accumxdation. • » . 

1-23. You should check the heat ejcchanger 
surfaces for warjpingand rusting. Replace the units 
if they drc unserviceable* The firebox doors, door 
hinges, and latcjhafcs shouldM)e checfcSd for damage, 
and any broken parts should be replaced. Seal all 
of the casing joints with asbestos type calking com- 
pound. The grouting around the base of the 
furnace should inspected and repaired if nec- 
essary. Clean the fufnace heat exchanger and the 
fluepipc surfaces i|With a vacuum cleaner. Deposits 
on the heat* exchanger insulate it and reduce its 
ability tQ^Jransmit. hcat* 

1-24- xou should inspect the furnace room for 
cfcanlfncss and notify your superior of any cbm-^. 
bust'ible materials found there, such as rags, 
papers, and boxes. Also, see that the performance 
chart is posted and that it is readable. 



i-25* If the furnace has a humidifier,, inspect 
the float for water leaks. If there is water in the 
float, replace the unit Check the needle valve 
for scale deposits and other obstructions/ Hie 
valve seat is cleaned with a sharpened wooden 
match or similar soft materiaL Replace the valve 
stem ani;i the valve scat if the valve does not 
close tightly after yoii clean it^ 

1-26. You should check all electrical switches 
to see if they operate correctly and inspect the 
electrical wiring. Make out a work order for any 
electricai adjustments or repairs, 

1-27, Air Ducts for Griivity Heating. The air 
ducts of a warm-air gravity heating system carry 
the warm air from the furnace and cold air to 
the furnace. The air ducts are large sheet-metal 
pipes constructed of lightweight galvanized metal 
to reduce weight fo a minimum. The metal pipes 
are covered with a thin layer of asbestos paper 
to reduce heat loss through radiation. 

1-28. Jnstalling air ducts jor gravity heating. 
Space w^rm-air 'ducts or leaders coming ^from 
the furnace evenly around the bpnnet of the 
unit for efficient heat distribution. A leader 
usually has a damper in the first length of pipe 
attached to the bonnet, as shown in figure 5. 
The warm air is taken from the casing hood or 
bonnet of the furnace through the leader^ to 
the register box for the first floor, as shown in 
figure 1. The warm air for the second floor 
flows through a vertical^ rectangular wallstack, 
inside the wall partition, and also terminates at 
the register box. Install the register boxes either 
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ill the floor or the inside wall near the baseboard* 
The warm air is discharged through the warm-air • 
registers, which are set in the register boxes. 
The registers usually have some type of shutoft 
mechanism. Leaders and fittings can be mass 
produced or fabricated specifically for each job« 
Use prefabricated leaders and fittings made of 
asbestos to reduce the danger of fire. 

1-29, The air supply for the furnace is the 
cool air that comes from the area inside the 
heated building. The air is usually picked up 
before it spreads and causes objectionable drafts.' 
The air is then conveyed to the base of the 
furnace through* one or more cold'^air ducts, also^ 
shown in figure 1. These ducts are sometimes, 
referred to as cold-^air returns^ and they are usually 
muchJa|ger-4han the; warm^air ducts. In some 
cases, where the ventilation requirements are high, 
some of the air is brought in from outside the 
building. 

1^30. Air passages that form portions of cold* 
air returns can be included in the building plans, 
add you can construct them on the job 'from 
other materials. When you construct them, how-* 
ever, make the construction reasonably airtight^ 
As a general rule, you should not equip the cold^ 
air returns with <iamperst since the cold-air returns 
are normally constructed in correct proportion to 
the warm-air ducts. , 

• IrSl. Almost every warm-air heating system 
requires adjustment and balancing of the airflow 
' going to various outlets before the heat, is evenly 
distributed. You can balance the heatiiig system 
by adjusting the dampers in the duct branches 
while the furnace is in full operation. Continue 
balancing until the desired temperature is obtained 
in each room. You can also use a velometer or 
anfmonieter to balance the gravity warm-air sys- 
tem by following, the manufacturer's- instructions. 
If ypu ever need to Jtumish additional heat to 
some portion of a building at the end of a long 
duct, balance, the butterty valves id the other 
warm-air pipes to favor- the deficient one. If this 
does not work, install a booster fan in the defi- 
cient duct ta force the airstream. 

1-32. Maintaining air ducts for gravity heating. 
' Gravity cold-air and warm-air ducts require very 
little maintenance. So that the warm air flows 
properly,' clean, the ducts with a vacuum cleaner 
once each season.* Replace^ the asbestos covering 
which has loosened. Check the dampers and 
the register shutoffs for proper operation. All 
air leaks in the ducts should be repaired. You 
should make a check to see that each pipe is 
in true alinement, and insure, that it is fastened 
rigidly to some portion of the construction. 

1-33* The gravity system with warm-air and 
cold-air return pipes or ducts is not generally 



used in military inttaUationa. 1% ik not recom* 
mended except under unuiuUIy f aYorable condl* 
tloni, aueh as in a buildinf with a baaement 
which haa adequate headroom and which la ar- 
imnged ao that the furnace can be centrally lo- 
catad. Becauaa of the advaatafea of the forced 
wann<air ayatem, it la more common. 

2« forced Warni'Air Heoting System 

2-L The principle of design used for develop- 
ing the forced warm-a1r heating system is pri-* 
mariiy the same as that for the gravity heating 
system. Both systems require a heating unit or 
furijace, warm-air; pipes, cold-air returns, and 
registers. The difference betNveen the two heating 
systems is in the. method of circulating the aii". 
Gravity causes the air to circulate in a gravity 
system, while an electric blower or'^n causes 
Jh^ air to circulate in a forced warm-air heating 
system. 

2-2. One common type of forced warm-air 
heating system, which is shown in figure 6^ illus- 
trates a few other minor differences in layout. ^ 
One advantage of the forced warm-air system is"" 
the smaller size of the horizontal warm-air ducts 
and cold-air returns. Forced air makes subh a 
reduction in size possible. The sloping of the 
pipes so the warm air can rise is not necessary, 
because it is forced through. Each warm-air duct 
is equipped with a register damper that controls 
the amount of hot air delivered to a room. 

2-3. Notice, too, that the furnace in^the base- 
ment is not centrally located, as it is in the gravity 




Fiffure 6. A forced WGrm-air lieaiing sysienu 
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system. (Ske fig. 6,) The central Jcwation is not 
necessary^ because the air is forced by the fan 
into the rooms. In fact, this advantage allows the 
furnace ta be located on the same floor with the 
rooms to be heated* because the fan or blower 
insures that warm air reaches all of the rooms* 

2-4* Forced Wam*^Farueei^T)iejtttrnace9 
for t forced warm-air heating syatem are manu- 
factured in a variety of doiigna^ that are aimllar 
to thi gravity warm-air unita. The warin-air con- 
trola uaed with fumacea that bum varioua typea 
of f uela were dlacusaed i& Memorandum ses. The 
diacuaiiona there pertain to coal-/oil^ and gas* 
burmng equipment The coal-fired furnaces are, 
in general, aiodlar to the diagram ahown in Apsre 
7. Thia diagram ahowa the component parta of 
the heating unit aa well aa the circulation of air 
througli the unit 

2*5. Oil-fired forced warm-air furnaces also arc 
manufactured in many different designs, depend- 
ing upon the type of installation required. A typi- 
cal oil-fired forced warm-air furnace is shown in 
figures. 

2-6. A gas-fired forced, warm-air furniace is 
shown in figure 9. This is a vertical type upflow. 
furnace. It is frequently installed on the same 
level as the space it serves. Warm air is dis- 
charged vertically from the top, and cold-air 
return ducts arc brought in horizontally near 
the bottom of the furnace to promote the. circu* 



lation of ain Gas forced warm*air furnaces are 
also of the horizontal type. The horizontal type 
of furnace requires little space, and it is designed 
for installation above the celling or under the 
floor ctf the space to be heated. Since the fur- 
nace occupies little space, it should be located 
so that there is prope^^apq^ss J^or s^jrvicirig.^ 

2-7* Installing foixed warm-ait^ furnacrs. Install 
forced warm^air furnaces according to the proce- 
dures and diagrams issued by the manufacturer. 
Since the installation procedures for forced warm- 
air furnaces are similar to those for gravity fur- 
naces, we recommend that you review briefly 
the general installation requirements for the 
gravity warm-air furnaces mentioned previously 
in this chapter. 

2-8. Most warm-air circulating blower units 
are built as part of the furnace by the manu- 
facturer. You should bolt such units to a masonry 
base that is it least 3 inches thick and that 
extends at least 12 inches beyond the furnace 
casing. However, if the blower unit must be 
mounted separately, fasten the blower and blower 
motor to a masonry base in true alinement. in- 
stall the filters on the inlet side of the casing so 
that ail of the air is filtered before entering the 
fan. 

2-9. The cabinet, housing the jjlower unit, 
should have doors so that you can easily oil, 
adjust and repair the motor and blower, and 
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replace the air filters^ The complete unit must 
be reMonmbly well cdnatructe4 to prevent air 
leakage. 

g-^lO/ J^tritfiir /orced toam**iir /ttrna<»5/ Forced 
wann^iir furnaces are fired in the same manner 
at the gravity warm-air furnaces. We mentioned 
the methods itsed to fire gravity, warm-air fur- 
naces previously in this chapter. 

2*11. MQ^ni^^i^^'i^g forced vMrmrair furnaces, 
Shice we discussed maintaining stokers/ oil bum- 
.era» and gas burners in the memoratvdum coveting 
these units^ this disciission pt maintenance that 



Figtire A typical oil^flnd loned \varm*air furnace. 

foUows pertains to the furnace as m unit^ Forced 



warm-air furnaces should be inspected and main- 
tained in accordance with the Eoanufacturer'a 
recommendations^ pertinent; Army regulations, 
and local post directives to comply with the 
mandatory requirements and obtain efficient op- 
eration. Since the maintenance requirements for 
forced warm-air furnaces are almost identical to 
those for gravity warm-air furnaces, we reconi- 
mend that you review the paragraphs covering 
these requirements* However, instructions that 
pertain primarily to the maintenance of forced 
warm-air furnaces follow: 
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a. Seal all blower casing joints with asbestos 
tape or caulkiiig compound. Inspect the grout- 
ing around the* base of the blower and furnace 
casing to see if it 1$ damaged or mi$sing» and 
make any ttccessary repairs/ 

d« Inspect air filters at least once each week. 
You should clean or replace them whenever 
they need cleaning or replacing. Dirty filters re-' 
ducc airflow, impair heating performauce, and 
increase fuel consumption, 

c. Check: tjirowaway filters. Hold the filter 
against the light; when little or no light shines 
through the filter, replace it. You ^ould not 
wash and recoat these filters. They uSlially con- 
sist of a gpiduated filtering medium most densely 
packed on the outlet side to increase the dirt- 
holding capacity of the filter. When you instair 
this type of filter, make certain that you place 
the filter with the denser filtering medium on the 
outlet side. These filters are usually marked to 
indicate the proper direction of airflow through 
them. , ■ . ' \ 

Renew cleartablc filters. Wash thism in a 
strong nonflammable solvent and allow them to 
dry thoroughly, as shown in fiRure 10. Yoli 
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Figure iypkat gas-fired upflow forced 
warm^air furnace. 




Figure 10, A typical filter wasf^ing and drying 
station, 

should then recoat them by using a hand sprayer. 
Filters are recoated only with an adhesive spcci-. 
fied for this purpose. .The adhesives, which* are 
available through filter manufacturers, should be 
odorless and fire resistant. T he coatings should 
have a hign capillary attraction or ability to be- 
come wet, hold dust at all operating temperatures! 
prevent mold formation, and evaporate moisture 
slowly. 

e. Oil the blower and electric motor bearings 
regularly, at least twice each heating season. 
These bearings are usually fitted with oil cups. 
Use the oil recommended by the manufacturer. 
Do not overoil the bearings, but oil the bearmgs 
sufficiently; otherwise the shaft will seize in the 
bearin'Ts and stop the motor and blower. 

/. The electric motors are mounted on adjust- 
able bases to permit better adjustment of the 
blower belt tension. Unless a manufacturer speeif- 
icaUy recommends a tighter adjustment for this 
purpose, at'iust che base of the motor so that there 
is 1^4 inch' s tc 2^4 inches of play in the belt, as 
illustrated f.?ure il. You. should make certain 
that boil Iff 'e/ wheels are in perfect alinement. 
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Figure I /, A forced ait Mower fan beU 
instaUation. , 
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Figure 12, A typkal forced warm-air duct layout for a two-sfory barracks* 



2^12. In actual operation, an electric motor 
turns the blower by means of'a V-belt. As the 
blower turns, the cpol air flows through the 
filters which ^remove the dust and dirt. From 
the filfgfs; thfr mr flows ifitn tffe fan w hich forces 
It past the firebox to tho heat exchanger of the 
furnace where it is hcatcid. The heated air is then 
forced \pio and through the warm-air ducts and 
into the various rooms. As more air is forced 
into the rqoms, the cold air there flows back to 
the furnace through the cold-air returns and 
starts another cycle. 

2-i 3. Albr Ducts for Forced Warm-^Air Heating. 
The air duc^s Jor forced warm-air heating systems 
are usually rectangular in shape* However, you 
tnay use roumndkicts whenever they are necessary. 
With a positivetercssure blower, you may use 
smaltei; ducts extend the sj^stem to heat larger 
areas without sloping the warm-air ducts. A forced 
warm-air duct layout for a two-story barracks 
is shown in figure 12« ^ . 

2-14. installing' air ducts for forced warm-air 
heatings Alt ducts for forced warm-air heating 
systems, like the ducts for gravity warm-air sys- 
tems, are constructed of sheet metal. They are 
normally constructed in the sheet metal shop- in 
accordance with^iven specifications. The cross- 
scctional area Of rectangular warm-air ducts is 
large at the furnace, but it gradually tapers at 
the end. Air ducts usually run from the furnace 
through partitions and along the ceilings of hall- 
ways and rooms. The cold-air return ducts for 
a forced warm-air heating system are rectangular 
and much ^larger than the warm-air ducts. They 
are usually short since the hallways of the build- 
: ings serve as a cold-air return. Both the warm- 
air and cold-air ducts are usually hung from the 
ceiling with metal strapping. When you install air 
ducts for forced warm-air heating, leave an air 
space between the ceiling and the ducts to reduce 
the possibilities of fire. Equip warm-air ducts 
for forced warm-air heating systems with dampers, 
shutoffs, and registers to control the flow of 



Warm air. Figure 13 shows aAliagram of a volume 
damper. You must, of course supplement these 
instructions by reference to the pertinent specifi- 
cations arichblueprints, 

2-15, Maintaining air ducts for forced warm- 
air heating and balancing the system. The air 
ducts for a forced warm-air heating system arc 
quite trouble free^ and require very little main- 
tenance. Vacuum clean the ducts once each sea- 
son. Check the dampers and other air controls 
for proper operation. Figure 14 shows artfragram 
of an. air duct with a splitter damper. 

2-16. NVhen the splitter damper handle is bent 
or the damper shaft is twisted, it is difficult to 
determine the exact position of the damper, be- 
cause it cannot be seen. Jn such a case, the 
damper may be inadvertently pdsitioncd to shut 
off the flow of air to one of the ducts. During 
maintenance services, check, such dampers for 
correct aUnement All of these dampers should 
have a locking device and some means to indicate 
their true position, 

2-17. After you check the dampers for proper 
operation and true alinemcnt and the system is 
in full operation, you should balance the system 
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by adjusting: the d«mpers in the duot bnmches 
and stack leads. Continue balancing until you' 
% obtain the desired temperature in each room. 
This process is referred to as the trial and error 
method* 

You can also balance the system by 
using a velometer or aii anemometen You should 
regulate the dampers until the air from the regis* 
ter is about 50 feet per minute* Take this mea- 
surement about three-fourtbs of the distance 
away from the register to the opposite wall. 
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Domestic Hot-Water Heating 



ALTHOUGH THE hot-water system does not 
, replace the warm^air system we discussed in 
the previous chapter, it has many advantages over 
the warm-air system. Air is not the most efficient 
heat carrying medium; both hot-water and steam 
carry more heat than aih Like air, water and 
steam may be heated at a central source and , 
carried throughout the building in pipes. But un- 
like air, the water and steam are never open to . 
the atmosphere. The hot-water system, then, is 
better for buildings such as hospitals where the 
air may be contaminated and should be circulated 
as little as possible. 

^2. The military tUMi$ botit cait iron «teel 
hot-water boiler*, as sources of heat for domestic 
hot«>wiit«r systetns in re^dencei «nd other build* 
ings* Small hot-water heaters heat the hot water 
for domestic and for limited industrial OSes. 

3* In this chapter we tell you how cast iron 
and steel hotrWaier boilers work. We discuss tw9 
types of hot-wafer distribution systems wSth you— 
gravity and forced-circulation systems— the in- 
stallation, operation, and maintenance of the 
boilers and the distribution systeros* Pinally, we 
discuss the hot-water heater, how it works/ and 
lighting and maintaining it* 

3. Hot-Woter Boilers . 

• 3-1 . Hot-water boilers come in many shapes 
and sizes. They are constructed with a firebox 
for burning fuel and have provisions for passing 
the hot gases over the heat-absorbing surfaces 
of the boiler* In most, cases, baffles guide the 
gases over the most effective route. These baffles 
also retard the flow of the gases from the furnace 
so that the water can absorb as much of the 
heat as possible. Both ends . of the boiler have 
openings for cleaning the boiler tubes and for 
washing the interior of the boiler. Since most 
boilers are stationary units that are permanently 
installed at the sjte, they have specified fittings 
and accessories for a specific heating job. Some 
boilers^ however, called package boilers, are 
complete units, including the fittings and acces- 

. soriiss. These boilers are normally mounted on 
skids so that they can be moved to different sites. 



3-2v Some types of hot-water boilers may be 
chuusified as package boilers. Most package boilers 
are steam boilers. Package boilers have most of 
the boiler accessories mounted on the same skid 
or platform with the boiler, and they are already 
hooked to Aie boiler^ The package boiler .'is gen- 
erally one ^ldth a self-contained firebox and is 
somewhat portable. This accounts for the term 
"package boiler.'V Package boilers usually have 
the same accessories and controls as the compa- 
rable stationary type oir hot- water or steam 
boiler. Cast iron boilers are seldom used as pack- 
age boilers because of the danger of cracking the 
boiler sections during transportation. You read 
about automatic controls for boilers In Memoran- 
dum 565 of this course* They are discussed in the 
sections on Jsurners, because the burners are di<» 
rectly what they control. You also read< about 
draft, air fuel ratios, 'ignition, safety shutdown, 
and pressure controls/ 

3^S. Cast Iron Hof-Water Boilers. Cast iron 
hot-water boilers vary in size from'^small domestic 
units to moderately sized units capable of develop- 
ing about 30 horsepower. These boilers are usur. 
^lly constructed of several sections joined together 
by some form of connection. Push nipples are one 
kind of connection. Push nippfes are normally 
round pieces of metal pipe tapered at both ends. 
The boiler sections arc ordinarily also connected 
by pipes kno>yn as header connections. 

3-4. Cast iron boilers normally do not have 
brick settings/ Usually, the only bricks used in 
connection with these boilers, arc those which 
are sometimes used as a base for, the boilers. In 
most cases the bases are made of cast iron. Cast 
iron j7i^i]ers:^can be further classified as roLind and 
square types. 

3-5. Round cast iron type boilers. Rounjd cast 
iron type boilers vary somewhat in construction. 
In general, however, they^ are typified by the 
unit which is shown in figure 15. This unit con- 
sists of a top section, in which the outlets and 
safety valve tappings are located; a number of 
intermediate sections, depending upon the amount 
of heating surface required; a firebox section, in 
which the return water tappings are located; and 
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Figure 15* A typical round cast iron boittr. 

a base and an ashpit. Round cast iron type boilers 
are small aild compact and are built in sizes 
capable of supplying up to 1,700 square feet of 
radiation. 

3-6* Square sectional cast iron type baiters. 
Square sectional cast iron-type boilers are similar 
to the typical unit shown in figure 16. This 
byitcr consists of a front and rear section and a 
number of intermediate sections, depending on the 
size of the ixjiler. The sections are connected on 
each side at the top and bottom either by push 
nipples or by an outside header. When nipples arc 
used, these sections are held firmly together by 
rods and nuts* 
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3^7* The boiler'showtt in figure 16 has a sepV f 
arate base which does not contain water and, / 
ther(^fore, requires a floor of fircprQjof construc- 
tion. Boilers which have water in th^ bases arc 
referred tOj^as wet-bottom boilers. These boilers 
are relatively small water units which may be in- 
stalled ori floors constructed of combustible mate- 
rials. This method of installation, however, is not 
desirg^ble. 

3-8. The construction of square sectional boilt 
crs is ordinarily such that the sections can be taken 
through regular sized doors for assembly inside ** 
/the boilerroom. This is a distiupt advantage from 
the standpoint of both installing new equipment 
and replacing l^ken sections. Cast iron boilers 
resist the chemical action of corrosive agents much 
better than steel boilers. 

3-9, The disadvantage of cast iron hot-water 
heating boilers is tlje danger of the sections crack- 
ing or breaking when improperly handled or fired. 

3-10, Steel Hot^Water Boilers. Most steel hot- 
water boilers are constructed in two sections. One 4 
sections consists of the water jackets, combustion 
chamber, and smoke passages. These components 
are either welded or riveted together as a unit. The 
other section consists of the base and either the 
grates or burner, and is constructed according to 
the type of fuel used. 

3-11. Another steel boiler Is a horizontal unit 
of the portable type having an internal firebox 
surrounded by water lanes. It rests either on a 
cast iron or a brick base. The front part of the 
boiler rests on a pedestal. A disadvantage of this 
one-piece steel boiler is that it. is heavy and re- 
quires special equipment to lift it. 
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Figure 16, A square sectional cast iron boiler, 
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figure 17* A typical pressure relief vahe* 

342« l^Uer Fittiiigs and Accessories. Alt 
boilers have certain accessories for safety and 
ease of operation. These accessories arc pres- 
sure relief valves,: pressure gages* water level 
control valves, and automatic controls. 

3*13. Pressure relief valve. In a dosed hot- 
water heating system, there is always the pos- 
sibility of building up a dangerous pressure. Con- 
sequently, aPpresstirc relief valve is installed to 
allow this pressure to escape. A typical pressure 
relief valve is shown in figure 17* This valve is 
usually on the top of the boiler. It contains a 
springloaded valve which unseats when the pres- 
sure in the system increases -to a predetermined 
value* thereby allowing water to escape until the 
pressure drojp« to a safe point A valve of-this type 
canbc adjusted for different pressures. 

3-14* I^ressure relief valves may eventually cor- 
rode and stick if they are not forced to operate 
occasionally. It is good practice, once each month, 
to increase the pressure t6 a point that operates 
the valve. When the relief pressure on the gage 
exceeds the setting of the valve, check the valve 
pressure with an accurate gage and adjust to the 
required amount. However^ do not exceed the 
maximum safe pressure of the boiler. 

3-15. Pressi^e gage. The japerator must know 
the water pressure in boiler at all times, A 
w^ter pressure gage similar to the one shown in 
figure 18 maRes this possible. The gagej> con- 
nected to the top of the boiler. It. shows the water 
• pressure in the boiler and in the system in the 
pounds per square inch. This gage is usually 
a combinatioi) gage which also indicates boiler 
water temperature and altitude. The type shown 
in figure 18, however, indicates pressurt^ only 



8*16. Very little maintenance is required for 
this unit, other than to clean the glait no that the 
gage can be read. Some typea of presaure' gagea 

are constructed so that they can be recalibrated, 
but the proper equipment to do this is not always 
available. To properly calibrate a pressure gage, 
yott musthave elther a master gage set or a dead- 
weight tester, * 

3^17. Waietr level control valve. Water is added 
to a hot-water heating system by either a manually 
operate^ water valve or an automtic valve, which 
is corirroUed by a float mechanism. Both valves are 
nearly identical to those used in the free-water 
system of a steam boiler- 

d'-XS, Airflow switch. Tht airflow switch, or 
**sai{ switch"' as it is. sometimes called, is in the 
stack, breechmg, or the air inlet to the boiler. This 
switch shuts down the firing equipment in event 
of an induced or forced dr^ift failure^ To check 
the operation of thi«! swUch, you restrict or shut 
off the draft. When you have <|one this, the switch 
should shut off the burning eouiomcnt^ ^ ^ 

3-19, Automatic controls. Automatic controls 
applicable to hot-water heating syat<^ were dis- 
cussed in Memorandum 565 of this course, 

3-20. Installing Boilers for Hot-Water Heating. 
It is very important that a boiler has a good foun- 
dation. The top surface of the foundation should 
be level to insure proper alinement of the boiler 
sections, and thus eliminate undue strain on the 
boiler castings. The furnace foundation should be 
poured separately from the finished floor. It should 
be o{ sufficient width and depth to afford ample 
support for the boiler without any settling, and it 
should extend 2 inches above the finished floor. 
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Figure 18^ A lypicul water preasttre gaite. 



Assembly procedures vary in detail for various 
boilers. However, manufacturers furnish detailed 
procelures for the assembly of their boilers. Usu* 
ally, the plans for the foundations cam be pro* 
cured from them* « 

Op<rttioii of Hot-Water Bo'a^^^ Hot- 
water boilers* regardless of their design and type, 
operate on the same basic principle* The fuel 
burns in the combustion chamber and. produces 
heat The resultant heat is radiated and conducted 
to the water in the water jackets surrounding the 
combust/on, chambers and pass through the boiler 
tubes, heat is liberated by the flue gases and ab<- 
sorbcd by the water surrounding the tubes. The 
amount of heat tj^^Aiferred into the water depends 
on the rate of heat conduption through the metal 
in the boiler tubes and the rate of water circulation 
in the boiler. For this reason, boilers are designed 
with baffles to hold the hot gases as long as 
possible. They give up maximum heat before pas5» 
ing info the chimney. 

3-22. Maintaiiuitg Hot*WiUer BoUers. The 

maintenance of steel boilers is a continued opera- 
tion. For efficient operation Iceep the inside and * 
outside of the boilers free from scale, ^ag, and 
soot« Keep fhe grates and the combustion cham-. 
bc!r clean. Remove the ashes from the ashpits and 
the clinkers from the grates* When the boiler is 
to be closed down for the sumnier months, remove 
the manhole plates as well as the cleanout plugs, 
and wash out the .boiler thoroughly. Also^ remove 
the scale and sediment that may have collected 
in the boiler, and wash the inside of the boiler 
with a stream of water from a hose. Then d^ the 
botler internally by bumfng a small kerosene stove 
in the firebox. Never dry out a bdkr with the 
burner which operates the boilerc The burner 
dries the surface too fast. 

3-23, The smokepipe, fiues^ firebox, and any 
part 6t tha boiler which has been in contact with 
the hot gases, must be thoroughly cleaned during 
the summer' overhauf. Cprrosion and rust form to 
a greater degree when the boiler is idle. The door 
hinges and other similar units should be greased 
oroiled. 

3-24. Sometimes it is necessary to replace one 
or more sections of a cast iron boiler beciause of a 
leaking nipple or a cracked wall. To remove the 
section, you loosen and reipove the bolts holding ' 
it in place* Then drive wooden wedges between 
the damaged section and the one next to it, both 
at the top and bottorin, to separate the sections. 
Repeat the procedure for removing other sections* 

3-25. When steekboilers develop a leak, weld 
or rivet them. When boiler flues are unserviceable, 
replace them. . • 



3- 26. Plugs and handholes are on the outside 
of the boiler so that you can reach the various 
parts of the boiler for cleaning. The drain valve 
and rod-out openings are usually at the lowest 
point of the boiler, so that sediment, rust, and 
like foreign matter can be washed out readily^ 

4 Hot-Water Heating Distribution 
Systems 

: 4-1. In hot-water heating systems, water is 
heated At a central source and circulated through 
pipes to radiators, convectors, or unit heaters. 
There are two general types of low-temperature 
hbt-^water heating systems. The first type is the 
gravity system in which water circulation depends 
upon the weight difference between the hot 
columfi of water leading to the radiators and the 
relatively cooler, heavier column of water return- 
ing from the radiators. The second type is the 
forced-circulation system in which water is circu- n 
lated by a power-driven pump. 

4- 2. 'Gravity Hot«Water Distribution System. 
The distribution systems and piping for hot-water 
heating systems and for domestic hot-water supply 
systems are simpler in design than those for steam, 
because there are no traps, drips, or reducing, 
valves. Several i^ms such as supports, insulation, 
and some valves and fittings are the same for both 
steam and hot-water distribution. 

A4-3. Gravity hot-water distribution systems op- 
erate because of the gravitational pull-on the 
heavier cool wate^ which sinks as the heated 
water becomes lifter and rises. At this point, 
we discuss some of the types of gravity systems 
that are currently used. 

4-4. One-pipe open-tank gravity system. The 
one pipe open-tank gravity distribution system, 

^ shoWn in hgure 19, consists of a single distribution 
pipe which carries the hot water to all of the 
radiators and returns it to the boiler. This system 
is easy to install and moderate in cost. 
' 4-5. The water which flows into the radiators 
at the end of the system has a lower temperature 
than the water entering the first radiators. A sys* 

.tern of this type should be designed so that this 
water reaching the last radiator is not too much 
cooler than the ^atei- reaching the first radiator. 
Because of this progressive temperature drop in 
the distribution system, larger- radiators should 
be installed at the ^nd of the system to equalize 
the amount of heat radiation per radiator. It is 
difficult to get enough circulation by gravity to 
give the system small radiator temperature drops; 
consequently, we do not recommend the one- 
pipe open-tank gravity system. 

4-6. Two-pipe open^tank gravity systenu Many 
hot-water gravity^ distribution systems are two- 
pipe open-tank systems, such as the one illustrated * 
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figwre iPv ^ vn<'pipt open-tank z^ayity houyvater . 
. distribntioti syswiu 

in figure 20. This heating system is consttucted 
with separate water mains fdr supplying hot water 
and returning qbld water. The radiators are con- 
nected in parallel between the two mains. In the 
two-pipe open-tank gravity system, the distributing 
supply mains arc chher in the ^basement with up- 
feed to the radiatars or in th'e atticv When the 
system is m the attic/it has overhead downfeed 
supply risers. The return mains are in the base- 
ment. Return connections Jor the two-pipe system 
arc usually made into a gravity return, which, 
pitches downward to the return opening in the 
heating boiler. The water temperature is practi- 
cally the same in all radiators, except for the 
allowance to be made for the temperature drop 
in the distribution supply mains occurring between 
the boiler and the end of the circuit. Water tem- 
peratures arc the lowest at the'end of the circuit. 
The amount of temperatjtre drop between the 
beginning and the end of the line depends upon 
the length of the main and upon the heating load/ 



4-7. A tank with' its vent Open to the atmo- 
sphere is installed in the system above the highest , 
radiator, as shown in figures 19 and 20, for water 
expansion. The water level in the expansion tank 
rises and falls as the" system is heated and coojed, 
and the system is full' of water and free from air 
at^all times, lif the open-tank gr^ity hpt-water 
heating system, the, expansion tank is installed 
^ on a riser directly above the boiler so that the 
air liberated from the boilerwater will enter the 
tank and not be retained in the system. 

One-pipe closed^tank distribution system. 
A one-pipe closed-tank gravity hot-water distri- 
bution system, like the one shown in figure 21, 
is similar to the one-pipe open-tank gravity hot- 
water heating system except that the expansion 
tank is a pneumatic compression tank not Open 
to the atmosphere* When the water in a closed- ^ 
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Tiiute 20. A two-pipe open-tank gravity hot-water 
distribution ^systenu 




l^i^nre 21. A typical one-pipe ctoseJ-tank 
distribution system. / 

tank system is heated, it expands into the pneu- 
matic compression tank. This action permits 
system operation at a much higher water tempera- 
ture, without boiling, than the temperature in the 
one-pipe open-tank gravity system. This also 
results in higher heat emission from the radiators. 
* 4-9. A gravity open-tank system with an aver- 
age boilerwater temperature of 170^ F. has u 
radiator emission rate of, 150 Btii psf, whereas a 
gravity closed-tank system, with an averagie boiler- 
water temperature of 190"* F., has a radiator 
emission of 180 Btu psf. Higher boilerwater tem- 
peratures permit higher temperature " drops 
through the radiators; consequently, smaller pipe 
si^es can be used. The closed pneumatic com- 
pression system requires a relief valve, usually 
set for the relief of water pressures over 30 
psi, depending upon the height of the building. 
♦A pressure-regulating valve' automatically main- 
tains the system full of water. The installation of 
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tho» radiators and piping for ati equivalent two- 
pipe qlosed-tank gravity upfeea or overhead down ' 
feed system is the same as that for the bpen 
$ystem'«xcept that the sizes . of both the pipe and 
4*adiators arc uniform and can be smalten The 
opcnrtank system may have a reversed return V 
main which docs not go dir|ctly back to the 
boiler. ^ / 

4-1 A reversed return main does not go 
directly back to the boiler. It doublcs'back from 
the last radiator and parallels the. supply main 
back to the boiler entrance. Reverse return sys- 
tems allow equal .length of heating circuits for 
all radiators. Frictipn and temperature losses for 
all radiators are nearly equal. Ip most cases, the 
• ; reversed return system involves no more piping 
than othsr piping arrangem^mts. With the correct 
$ize of piping and radiator supply tappings, the 
reversed return system prpvides even heat and 
circulation to all radiators, even those near the 
end of the circuit. 

4-1 L Expansion in gravity hot^wat^r distribu- 
tion systems. In \\it gravity and forced*circulatioh ' " 
systems, open and closed expansion tanks allow 
the water in the distribution system to expand 
as the temperature ris^s. An open tank must be 
mounted at the highest point in the system; a 
dosed tank can be located at any |joint* If the 
air cushion leaks out of the closed expansion 
tank. It fills with^ water. At times," you. must 
recharge the tank by draining part of the water 
out of the tank and allowing air to fill t^e space. 

4-1^ in the open system, an expansion' tank 
open^o the atmosphere allows the system to 
expand The open system is normally designed 
to operate at the maximum boiler temperature 
of 180^ R This gives an average riadiator tem- 
pcraturc of 170^ R, or a radiator output of 
150 Btu per square foot (psf). The closed sys- 
tem, in which the expansion takes place against 
a cushion of air in .the tank closed against the 
aunospherc, can ' be operated at temperatures 
above 2^2^ «F., because the pressure built up o 
in the system prevents the water from boiling. 
Radifltor temperatures^ then become equal to 
those of low-pressure steam systems. 

4-13, When a hot-water system is first filled 
with water, it is nonnally necessary to bleed 
the air out of the system at the same time. 
You can remove the 'air by opening an air vent 
on a radiator or by breaking a union near the 
end of the line. The temperature of the water 
that is distributed is from 150^ to 250*" ^ The 
higher temperatures arc used with the forced 
circulation systems. 

^;4-l4. ForcedwCirculatioii Hot-Water Di<stribu« 
libit Sysleni. Forced-circulation hot-water distri- 
bution sy«em> h^^ advantages. They 



permit the use of smaller pijpe sizes and allow 
: the,1ri$tall3ili&fi of radiator$ ^ the same level as 
the boiler. Or; below, without impairing water 
circulation. By using a circulation pump* a posi- 
tive flow of. water is assured throughout the 
system.. In larger installations, especially whisre 
more than one building Js served, forced circula- 
tion is almost invariably used. With the develop- 
ment of the circulation pump of moderate cost, 
the forced-circulation system is being used more 
extensively in small heating installations. 
: 4t1S. Even as in gravity ^ystejns, forced-^circu- 
lation systems can consist of a one-pipe or a two- 
pipe, upfeed or downfeed, and can*^be equipped 
V^ith a direct or a reverse return. Although these 
systems usually have closed expansion .tanks, they 
may have open tanks. 

, 4-^16. One-pipe, cl0sed-tmk, fbrced<irculation 
system* The general arrangement of a one^pipe, 
closed-tank, forced-circulation system, shown in 
figure 22, is similar toj the one-pipe gravity sys- 
tem, but with the additjon of a circulating pump. 

4-17. The circulation to individual radiators 
is improved by special supply and return connect- 
ing tees. These tees, byi an ejecting action on tfee* 
distribution supply main and an ejecting action on 
the return, combine to use a portion of the veloc- 
ity head in the maiii to increase circulation 
through the radiators, tises of this [type also aid 
stratification of hot and cold water within the 
distributing main. They are designed to take off 
the hot-test water from the top of the main and 
to deposit the colder water on the bottom of the 
main. - ^ . 

4-18. Tw^-pipe, closed-tank, forclsd-circulaiion 
system, Tuq general arrangement <;>f the piping 
and radiators for two-pirie forced-circulation dis- 
tribution systems is the sWc as that for the two- 
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Fff iire 21. A two-piipe, closed-tank, jor^ed- 
circulation system, ^ 

pipe gravity systems. The relative locations <rf the 
compression tank relief vaive and the circulatmg 
pump are shown in figure 23* 

4-19, Dbtribvtioii System Componettis^ The 
component parts a hor-water distribution sys- 
tem include: pipelines, radiatofis; unit heaters, 
circulating p^mps, reducing valvels;, flow-control 
valves^ and special flow fittings. 

4-20. Pipelines. Hit piping system con^tutcs 
the closed passageway for the deli^gsjj^ hot 
water to the points where ft is liscd* Pipelmes 
are made up of lengths of pipe fastened by 
iscrewed, flanged, or welded joints. They haVe 
valves and fittings such as tees^ unions/ and 
elbows/according to the needs of the installation. 
Pipelines are supported by hangers and fastened 
by anchors* Expansion jbints or loops allow for 
expansion. 

4-21 . Mains and branches of the pipeline 
should be pitched so that the- air in the system 
can be discharged through open expansion tanks, 
radiators, and relief valves, the pitch is generally 
notless than 1 inch for every Ifrfeet. The piping 
arrangements for a new systcni shottld include 
provision for draining the entire system.^ 
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^Bigure 24. A typical cast iron sectional radhton 



4-22.Aa<2i<&tQr9.: The riildigtor tri^ers heat 
from the hot water iii the pipes of 4' hot-water 
heating system into the air in a roooL A radiator 
is usually constructed of cast iroii and asiiembled 
in soctionst as shown in flgute 24« Efmmmged^ 
ttadlator sections oan be replaced without replac- ^ 
ingrthe entire radiator aiserpbly. ^ 
' 4-23. Radiators usually re^t on the floor. How- 
ever; they can be either mounted on a waif or 
*hung from the ceiling. The legation of a radiator 
depends on the type- of room to be heated and 
its location with respect to | the location of the, 
boiler. For instance^ in a forced-circulating hot- 
wateif distribution system, the radiators may be 
on the §ame level with the bojler, 

4-24. Hot l^ter heating /system radiators and 
high points it/ the distribution lines must have 
some type of vent that releases air from the sys- 
tem. Air trapped in the "system prevents the cir- 
culation of water.. For this purpose, a manually 
operated key type air ^ent, like"^ that illustrated 
in figure 25, can be used. 

4-25/ Manually operated key type air vents can 
be replaced by automatic air vents. One type ot 
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Figure 2S, A manually operated key type air vent. 

automatic vent is illustrated in figure ^6. It auto- 
matically allows the air that forms in the system 
to escape. When air vents fail^ replace them. 

4-26. Radiators also have shutoff valves, such 
as the one illustrated in figure 27» which reduce, 
or stop the flow of hot water through a radiator. 
They are installed in the piping adjacent to the 
inlet side of the radiator. Occasionally, you must 
tighten the packing nut on these valves 'to prevent 
theSvater from leaking around the valve stem. 

4^7: Unit heaters. A unit heater is one used 
to heat a localized area. The heater consists of 
a heating coil that is supplied with hot Water. 
The coil is usually of the finned type, and air 
is /Circulated over it by an electric fan, A unit 
heater installed in a distribution main is illus- 
trated in f^re 28* 

4-28. Servicing unit heaters includes a monthly 
inspection. Each month check for water leaks, 
cleanliness of the iinned coils, and the operation 
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of the fan motor. Other accessories which you 
also should inspect are traps, air vents, fan blades, 
and valves. Make any needed repairs. Lubricate 
4hc electric fan monthly » 

4^29* Circutating pumps. A forced hot-water 
heating system has: a water circulating pump in 
the return line near the boiler. This pump insures 
the positive flow of water regardless of the height 
of the system or the drop in the water tempera- 
ture» Greater velocities of watcrflow are obtain- 
able with forced circulation than with gravity 
circulatiom * 

4-30» Circulating pumps are free of valves and 
float control elements. They are operated under 
a sufficiently high water inlet temperature to 
eliminate the difficulties caused by vapor binding. 
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Fissure 26^ One type of automatic air vent. 

The pumps are usually operated by electric 
motors^ 

4^3 1 . During maintenance servicing, check the 
pump carefully for proper rotation^ and lubri- 
cate the electric motor and pump according to 
the manufacturer's instructions. Also you period-* 
ically clean the pump of sand, rust, and other 
foreign matter which has collected in the pump 
casing/ Be sure that the pump rotates freely and 
that the shaft packing glands, if there are any, 
are not drawn up so tight that they score the 
shaft. 

4-32. Reducing va/ye^,* A reducing valve is 
normally installed in the cold-water line going 
to the boiler. It automatically keeps the closed 
system supplied with water at a predetermined 
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Figure 27, A typical radiator sltutoff valve, 

safe system pressure. These valves are usually 
set at the factory, but you may adjust them in 
the shop to a desired pressure. You should install 
this valve at approximately the same level as 
the top of the boiler 

4-33. Flow^antrol valves. Forced hot-water 
circulating systems use the flow-control valve, 
shown in figure 29, which is normally installed 
in the distribution main. This valve prevents grav- 
itational flow of water through the system. The 
valve does not offer any serious resistance to the 
flow of water when the circulating pump is in 
operation. However, when the pump is not op- 
erating, the small gravitational head of "^vater 
cannot open the valve. Each week you should 
check the flow-control valve for proper opera- 
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Figure 28, A typical unit lieater installation. 
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Flgnre 29, One type of flow qomwI valve,. 

tion and frec<.movepient. Examine the valve for 
water leaks and repair it when neiressary. 

4-34. Special flow fittings. Various types of 
special tees that are designed to deflect main-lirie 
water into the radiator branches are used in one- 
pipe and two-pipe forced<irculation systems. 
These fittings* are designed and calibrated to the 
size of the^ radiator and system operating tem?- 
perature. Fittiflgs of >this type are required with 
one-pipe forced-flow systems, and they do 
equally well for radiators above and below the 
distribution mains. 

4*35. Installing Hot-Water Heating Systems. 
The general information given 5n this chapter 
about installing hot-water heating systems should - 
be supplemented by detailed installation proce- 
dures firom the manufacturer of the heating 
equipment to be installed. 

4'^36:iM«intaiiiing Hot-Water Heating Sys« 
tenis* Hot^water heating systems require little 
maintenance other than periodic checks to make 
certain that all air is out of the system and all 
radiators are* full of water. The circulating pumps 
should be oiled regularly, in accordance with 
the manufacturers instructions, and the pressure 
relief valves should be checked periodically. 

4-37« Troubleshooting Hot-Water Heating 
Systems* Some of the common discrepancies 
which you will encounter when troubleshooting 
hot-water heating systems are as follows: 

Boikr Ttonhle * 



Symptolux 

Boiler smokes through 
the feed doors. 

Boiler heats slowly. 



Boiler produces insiufli- 
cient heat. 



Renwdy 

Clean the boiler Hues 
and the ftuepipes. Re^ 
pair any chimney leaks. 

Increase the draft. 
Check on the type of 
fuel. Clean the boiler of 
scale. Blow down the 
boiler. 

Clean • the boiler of 
$cate. Change to a 
larficr boiler. Blow 
down the boiler. In^ 



Symptoms ^ Remedy 

crease the draft, and 
check on the type of 
fuel. 

Radiator and Unit Heater Trouble 
Symptoms Remedy 



Radiators will not heat. 



In^^tfficichit water in sys* 
tem. Bleed the air from 
the system. Open the ra- 
diator valves. Clean the 
corroded valves, and 
check ihe' operation of 
the circulation pump. 



Distribution Piping Trouble 



Symptoms 

Distribution piping will 
not transfer hot waiter 
to the radiators. 



Remedy 

Insufficient water in the 
system. Bleed the air 
from the high points in 
the distribution piping. 
Check the operation of 
the circulation pump. 
Check for corrosion^ 
stoppage in the distribu- 
don piping. " 



5. Hot-Water Heaters 

5-1. Clean hot -water is required in many in- 
stallations for domestic use and for^ industrial 
use. Since bpilerwater cannot be used for this 
purpose^ , because of the chemical acfded, it is 
necessary ta heat other water. The water may 
be heated in tanks equipped with coiled piping 
through which the boilerwater circulates. Or it 
may be'Jheated in independent units that heat 
by electricity, gas, oil, or coal. 

5-2. 'Domestic hot-water heaters are builtiin 
various sizes from 20*^ to 50-galton cSip^fies. 
Industrial type hot^atcr heaters are designed 
to heat thousands of gallons of water, depending 
upon the amount an installation uses. 

5-3. Modern hot-water heaters arc self-con- 
tained and require very little attention, sin^^ they 
are fully automatic. The diagram of a gas-operated 
hot-water heater is shown in figure 30. These 
units are cylindrical in shape, and they have 
diameters ranging from about 12 to 30, 40, and 
50 inches, depending upon their capacity. The 
tank is constructed of galvanized sheet metal, 
which may be lined with a composition of glass 
to resist corrosion olf the tank lining and prevent 
contamination of the water. The combustion 
chamber is in the tower section, which is vented 
by a baffled Hue that extends through and ends 
at the* top of the tank. The entire tank is insu- 
lated to prevent the escape-of heat. It is'' also 
equipped with a thermostat which can be ad- 
justed to maintain a certain water temperature. 
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Safety features which make the hot-water heater 
automatic are al$o in the unit. 

5-4, Both the cold-water inlet and the warm- 
water outlet are at the top of the tank* These 
tappings are usually marked "INLET" and 
'♦OUTIxEJT," However, if there is a question in 
your mind as to which is the inlet and which is 
the outlet, just remember that the cold-water in- 
let pipe extends over halfway into the tank, but 
the outlet pipe does not There is usually a drain 
valve at the bottom of the tank, 

5^5. The directions for lighting and operating 
a hot-water tank are usually printed on the side 
of the unit. The servicing required to maintain 
this unit is the same as that for an automatic 
gas burner, ^ 



Figure 50. ji goMrfired Aot-water HecUet 
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HIGH^EMPERAIJURE hot- water syatems 
came into ude in Burope more than one 
hundred years ago. However, the first large high- 
temperature hot-water heating ayatem in the 
United States was inaitallcd about 19i0. After 
this, very few heating plants of this type were 
installed in this country until after World War U. ' 
At this time the miliUry recognized the high- 
temperature hot-water aystem as a very good 
method of heating* The acceptance and aucceasful 
use of this heating ayatem by the military led to 
its general acceptance by induatry* The high- 
teniperature hot-water system .is commonly re- 
ferred to in its abbreviated form a$ HTHW. 

2» You recall that in previous chapter of this 
memorandum we diacuased the effectiven^ of 
both hot-air and low-temperatur« hbt-water heat- 
ing syatema. In this chapter we diacuaa the char- 
acteristics of HTHW heating syatema, types of 
heat-carrying media, typca of HTHW syatema, 
.preaauriiing HTHW syatema, HTHW i^tem op- 
eration» aafety characteriatics of HTHW ayatema, 
and piping for HTHW ayatema. We alao mention 
ateam as a |ncdium of Ijeat tratisfer; however, 
steam heating is not thoroughly discussed until 
Memorandum 507 of the course. 

3. The HTHW system is a very real and grow- 
ing competitor to other methods of heating; con^ 
sequendy, you should familiarize yourself as much 
^ a& possible with the information in this chapter. 

6. Characteristics of HTHW Heating 
Systems 

6-1, High-temperature hot-water (HTHW) sys- 
terns operate at high pressure to maintain a water 
temperature that exceeds the normal boiling tem-^ 
pcrature^ of 212'' F. (at atmospheric pressure) 
used in other types of heating systems. 

6-2. High-temperature hot-water systems con- 
sist of standard and heavy-duty equipment^ in- 
, eluding boilers (sometimes referred to as gen- 
erators), expansion • drums, system circulator 
pumps> distribution 'piping, and heat-consuming 
equipment 
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6-3. High-temperature hot-water systems use 
boilers or generators that may be heated with 
cofil-, oil-, or gas-burning equipment. However, 
the water is sometimes heated by direct-contact 
steam heaters. High-temperature hot-water sys- 
tems use either steam or an inert gas for pres- 
surization. 

6-4. High-temperature hot-water systems have 
the hot water pumped from the generator and 
througfeut the distribution system. The circula- 
tor. pumps are large enough to deliver the water 
at sufficient pressure to overcome any drops in 
the distribution system and the heat-consuming 
equipmfiint. The major advantages of the HTHW 
heating system are low makeup requirements, 
minimum maiht^fnance, high thermal efficiency, 
and safe, easy operating and control. 

6-5. The HTHW system is a closed system, ■ 
so the only water wastage is the normal leakage 
at' the pump and valve packing glands. Conse- 
quently, very little water is consumed during 
system operation; This means that only a small 
amount of makeup water is used, practically 
eliminating boiler blowdowns. Thc-closed recir- 
culating system operates al high thermal efficiency. 
All of the heat not used by heat-consuming 
devices in the system or lost through pipe radia- 
tion is returned to the boilerplant. Because very 
few boiler blowdowns arc required, the heat 
loss from blowdowns is ^ kept to a minimum. 

6-6. The HTHW system uses the thermal "fly- 
wheel" effect, which is characteristic of the large 
heat storage capacity of high-temperature hot 
water that permits the system to accumulate 
generated heat and even out the heating load 
on the bbiler. The sudden changes in firing rates 
in other systems which produce poc: combustion 
and high stack temperatures are virtually elimi- 
nated, and the boiler has higher operational 
efficiency. Table 1 compares the heat storage 
capacity of water and steam for various pres- 
sures and temperatures. .*.t 50 psig with the 
tenjperature at 298° F., water contains 87 times 
the amount of heat that steam does« (15.360 
divided by 170 equals 90.4). Figure 31 illus- 
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tratcs the variation of water density and volume 
at different temperatures. When the temperature 
of water is 100^ F., the density is about 63 
pounds per cubic foot;' When the temperature 
rises to 200" K, however, the density drops to 
60 pounds per cubic foot, and ihc percent of 
increase in volume rises from almost zero to 
2.50 percent Note that as the temperature of 
the water increases the percent of increase in 
volume goes up and the density per cubic foot 
goes^own. 

6-7, The HTHW system operates at low cost. 
The requirements for maintaining the HTHW 



system are comparatively lower than for other 
types of heating systems. The same water is 
recirculated, and the system is always filled with 
non-corrosive-treated water, and scaling and 
corrosion do not occur. Also, there are no traps 
and reducing valves to maintain, as in the steam 
heating system for example* 

6-8. In the HTHW system, a mixture of water 
and steam is discharged into the atmosphere 
when high-*temperature hot*water escapes through 
a leak^in the line. The temperature of the water 
is well above the vaporization point at atmo- 
spheric pressure, so part of the water flashes to 



Table 1 

Heat Storage Comfarison of HTHW and Steam 



Gauge Press, 
Psi 


Temp, 
op 


Total Heat Contet^ 
Btu/cu.ft. ( 


Batio: 
Water /Steam 


Water 


Steam 


50 


298 


» 

15, 360 


170 


90.4 


60 


308 


15,840 


203 


78.0 


70 


316 


16,260 


229 


71.0 


80 


324 


i Oy 0 r U 


tdOD 


65.4 


90 


331 


17, 000 


281 


.60. 5 


100 


338 


17,320 


306 


-.56.6 


110 


344 


17,600 


332 


53.0 


120 


350 


. 17,870 


358 


49. 9 


130 


356 


18,170 


384 


47. 3 


140 


361 


18, 380 


410 


44.8 


150 


366 


18,610 


434 


42.9 


160 


371 


18,830 


461 


40.9 


170 


375 


19,040 


486 


39. 2 


180 . 


380 


19.220 


511 


37.6 


190 


384 


19.400 


537 


36. 1 


200 


388 


19,570 


562 


34.8 


210 


392 


19,750 


588 


33.6 


220 


396 


19.920 


613 


32. 5 


230 


399 


20, 080 


639 


31.4 


240 


403 


20, 240 


. 664 


30.5 


250 


406 


26, 390 


690 


29.6 


260 


. 409 


20.530 


716 


28.7 


270 


413 


20, 670 


741 


27.9 


280 


.416 


20, 800 


767 


27. 1 


290 


419 


20,920 


792 


26.4 


300 


422 


21,040 


818 


25.7 
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steam. This utilizes much of the heat from the 
water and makes the leak less dangerous. Later 
in this chapter you will be given more informa- 
tion ' regarding the safety characteristics of the 
HTHW system. ^ 

6-9. Another characteristic of the HTHW sys- 
tem* is its simplicity of construction^wiih the ab- 
sence of complicated traps and val\^s. Now that 
you have completed the major characteristics of 
the HTHW heating system, let us, compare th^v 
different types of heat-carrying nicdia. 

6-ia. Types 0* Heart-C»rrylng Mcdim- fhe 
eurrent practice is to use a centrtl-heating plant 
in preference to a number of smaller individual 
heating units. Advantages of the central-hcattag - 
plant lie in the simplification of heating plant de- 
sign and operation and in maintenance. There 
are, however/ the problecss of tmiformly distrib- 
uting the heat through pipelines over the heated 
areas of large buildings and transmitting the 
" heated media for long distances about the post. 
We will, therefore, examine hot air, stewn, and • 
hot water* the three commonly used means of 
tKinsmitting heat. 

6^11. Hot air. Hot air carries hear from. the 
healing plant to the place of use. Due to the 
low specific heat of hot air, 0.24 Btu/ib or 
0.018 Btu/GU ft are required to provide available 
heat of L8 Btu/cu ft for a temperature change 
of ITS^' F. at the. plenum chamber to 75'' R 
at the heated areav A very large volume of hot 



air" is required to transmit the heat from the. 
central-heating plant to the . place of use. If the 
heat ,load Js small and the distance the heat 
travels is short, as in homes and small buildings, 
' the hot-air method of heating is often an ideal 
arrangement. However, if the heat load is large^ 
or the distance the hot air must travel is great, 
or both, the size of the air transport ducts, and 
circulating fans- would be expensive and too large. 

6-12. Steam, Steam often is used to transmit 
large quantities of heat over great distances. 
Steam has a latent heat of vaporization (the 
amount depends on the pressure). This latent 
heat is potentially available for heating. For a 
given volume, steam contains from 38 to 70 times 
more heat than air. * Therefore, we must defhiite- 
ly recognize steam as a good medium for trans- 
porting large quantities of heat over great dis- 
tances. 

, 6-13. Hot water. Hot water also carries heat. 
With hot water, as with hot air, the heat available , 
• for heating is represented by the water temper- 
ature and is not represented by a change of 
state such as the latent heat of vaporization in 
steam* Let us assume ttuil ilie temperature of 
water leaving a generator is 4(K)'^ and that 
the water returning to the generator is 250'' F. 
Here, the difference in temperature of 150'' F. 
represents 158 Btu/lb or 9,000 Btii/cu ft trans- 
mitted to the heat load. For a given size of line 
about 30 times as much heat can be transmitted 



by water than by steam. The actual relative 
amount depejds on the water temperature and 
the steam plressure. Since the water must be 
returned to the heating plant, the distance that 
it must travel will be approximately twice the 
distance steam travels. This docs not take into 
account ' the condensate return line for steam 
which is only about one-fifth the capacity of 
the HTHW return line. On the volume basis^ 
water is a very good carrier of heat as compared 
to other heat-transporting media. The weight of 
the circulating water, however, i^ quite large 
and should be taken into account when the 
installation cost is figuredl . 

6-14; HTHW Versius Steam. It is* evident that 
steam or high-temperature hot water can be 
satisfactorily used for transporting and distributing 
heat from a central-station hcatiftg plant to the , 

Vhegt load.^ Therefore, wc should examine the 

, Jeaturc&^of loth systems* 

e-lS. Aiivantages of HTHW^ The piping 
arrangement for the HTHW system is simple. 
The paralleVy supply and return lines can be 

^ located at anV elevation or grading.' But with 
steam* it is njeccssary to slope all of the lines 
for proper^sy^em drainage and collection of con- 
densate, which* must be pumped or drained back 
' to the heating^ plant. In the HTHW system the 
urriingcmcnt. of valves and fittings is simple. 
Pressure-reducing valves, and steant and water 
traps arc required for steam systems, and they ' 
are difficult ^nd expensive to install. 

6-16. Highi-pH (potential of hydrogen) alka- 
line water ii circufatcd throughout the entire 
HTHW system and practically eliminates internal 
corrosion. This potential of hydrogen ion con- 
centration is expressed in gram atoms per liter . 
of a concentration expressed in gram* atoms per 
liter of ^a solution. The pH values from O'to 7^ 
(low) indicate acyJity, pH 7 indicates pure water, 
and 7 to 14 (high) indicates alkalinity. In the 
steam system, pure but wet steam and low-pH 
Water are in contact with the piping, heaters, 
etc. This provides a corrosion problem. In the 

' HTHW system, the water is p always, under pres- , 
sure and is seldom exposed to the atmosphere. 
This process virtually eliminates ^ny possibility 
of absorbing oxygen or other noncondensable 
gaseS| The condensate in the steam heating sys- 
ftem'is usually collected in an open hot well 
where, the water is .exposed to the atmosphere 
and can absorb oxygen. To eliminate the oxygen,' 
*it is necessary to pass all the return condensate 
through a dcaerating heater, an air ejfector vac- 
uum vessel, or use chemicals to remove the oxy- 

. gen* There is also the tremendous "flywheel'* 
. effect in heat storage for the HTHW system, as 
compared to steam, because of the comparatively 



heavy weight of the water in the system. For 
systems of equal volume* the heat in the HTHW 
is about 30 times greater than for steam. The 
actual. amiE^unt depends upon the steam pressure 
and water/temperature. 

6-\l: Advantages of steam. A given volume 
of steani' Is capable of containing a great amount 
of hea^-(38 to 70 times that of air) and like 
HTHW IS a good means of transporting heat 
for long distances. However, steam does have 
some advantages that HTHW does not have. 

6-18. Steam is readily available fon use where 
it may be required, such as for kitchen and for 
laundry use* In HTHW systems, steam must be 
generated by ^installing water-to-steam heat ex- 
changers. 

6-19- Steam is a compressible gas that requires 
no. tolerances for expansion. The HTHW system, 
ho\yever, requires expansion drums to allow for 
changes in water volume caused by temperature 
changes. 

6- 20. Steam, by taking advantage of the avail- 
able pressure drop, flows thrbti^out the heating 
system without a pump, Water,^ which is about 
five times as heavy as steam, must be pumped 
.through the system. The circulating pump horse- 
power requirement is partially offset by the boiler 
feed pumps and return condensate pumps of 

'the steam system. 

. 6-21. Since both steam and HTHW are suit- 
able heat 'transportation media, an evaluS|^on of 
the features of each system has its place. Steam 
would surely be preferred for hotels and sky- 
scraper office buildings with a vertical and con- 
centrated heat load. For groups of buildings, 
spread out over a large area where heat must 
be transported over a considerable distance and 
at' varying elevations, HTHW should have the 
advantage. ' • 

7. Types of HTHW Systems 

.7-1. The high-temperature range for most 
military and federal heating plants is 350° F. to 
450° F„ which corresponds to saturated pressures 
of 135 psi to 425 psi. However, some types of 
plants operate at higher pressures and therefore 
have higher water temperatures. The installation 
of HTHW plants that operate at temperatiures 
fLbove 400° F. must 'be approved by the Chief of 
Engineers. Costa usually determine the maxi- 
mum water temperature used, because the types 
of HTHW systems utilizing the higher pressures 
require more expensifve piping. Valves, fittings, 
and heat exchangers: 

7- 2. The degree of complexity of HTHW sys- 
tems varies aecordi;ig to the size, type, and heat 
load requirement of the installation. Since methods 
used to maintain pressure and to assure uniform 
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flow rates depend upon the amount of heat ]oad, 
they affect the complexity of the heating system. 
There are two methods of circulating the HTHW 
through the system — the one-pump and the two- 
pump systems. 

7-3. The one-pump system uses only one pump 
to circulate the hot water throughout the system, 
which includes the generator. The two-pump sys- 
tem uses one pump to circulate the water through 
the distribution system, and a second pump to 
circulate the water through the generator for 
positive circulation. Figure 32 shows some typical 
pumps that are used for circulation in the HTHW 
system. Note that the pumps are of the centri- 
fugal type. Each pump shown in figure 32 would 
be used to circulafe the water to different areas 
in distribution systems. 

7-4. There are two common ways of heating 
the water .in the . HTHW system. One way is tO' 
use hot-wat^ boilers or generators; the other 
way is to use the cascade or direct contact heater. 
The water in the HTHW generator is heated in 
much the same manner as low-temperature hot- 
water is heated. In the cascade heater, however, 
the water is forced through spray nozzles and 
comes into direct contact with the steam. The 



steam condenses into the circulating water. A 
typical spray nozzle head is shown in figure 33. 
The spray nozzles are installed in a combination 
cascade heater expansion drum. A typical cascade 
heater expansion drum installation is illustrated 
in figure 34. Let us discuss some ways of pres- 
surizing the HTHW system. 

8. Pressurizing the HTHW System 

8-1. Since water volume varies with changes 
in temperature, the extra water must be taken 
care of when the water is heated. It is desirable 
to operate' wijh the water above the boiling 
temg^ture of 212^ F.; therefore, the pressure 
hrthe system must be rnaintained equal to or 
greater than the corresponding saturation (steam 
or vaporization) temperature. An expansion tank* 
is required because the water, which is not com- 
pressible to a smaller volume, expands when it 
is heated. Also, the pressurization prevents the 
formation of saturated steam or vaporization when 
the water temperature is raised. Tl)ere are two 
basic designs employed for pressurizing HTHW 
systems: first, the "saturated-steam cushion," and 
second, the "mechanical-gas cushion." Although 
both designs have a variety of h^Cfifi^ions, 
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their characteristics arc still typical of the basic 
pressurized system design. 

8-2. Satamted'-Steaiii Cushion. Pressurizing the 
heating system with steam in the expansion tank 
is a natural method. Firing the HTHW generator 
to maintain the system pressure corresponding 
to the required satuliration (steam or vaporiza^ 
tion) temperature pn^surizes the system. Excess 
heat is generated to offset thq radiant heat loss 
from the expansion tank. All of the HTHW in 
the steam«pressuri2ed system flows through the 
expansion tank and thereby maintains |he sat- 
uration (steam or vaporization) temperature 
there. 

8^3. The steam in the space in the expansion 
tank provides the pressure or cushion for the 



system. The pressure maintained is^ that of the 
saturated steam. The watflfr in the lower portion 
of the lank will be approximately saturation 
(steam or vaporization) temperature correspond- 
ing to this pressure. The water to be used in 
the HTHW heating system is drawn from the 
lower part of the Expansion tank, mixed with 
the system return water, and circulated through- 
out the system. The mixing is ifecessary to. pre- 
vent cavitation (steam flashing) at the pump 
suction. 

8-4. Here are some conditions that are typical 
of the saturated-steam cushion design. The ex- 
pansion tank, either integral or separate, is a 
part of the HTHW system. The entire hot-water 
flowing in the heating system passes through the 
expansion tank and exposes the tank to the 
maximum system heat and any form of contami- 
nation that is in the water. The heat and contami- 
nation, in turn, subject the expansion tank to 
thermal stresses and corrosion. There are explo- 
sion hazards typical of a steam boiler in the 
system* and good water-level control is important 
in maintaining proper operating conditions. L$$ad 
variations causing supply pressure changes create 
flashing of the saturated liquid in the system 
andVoduce water hammer^ 

8#. Mechanical-Gas Cushion. The expansion 
tanir contains the mechanical-gas cushion and is 
connected to the HTHW system return line just 
ahead of the circulating pump suction connection. 
The tank contains ah inert gas (usually nitrogen) 
and is the source of pressure- in this method. 
When the systejfr has been pressurized by the 
nitrogen, pressure in excess of saturation must 
be maintained. That is^ the water temperature 
throughout the system must always be less than 
its saturation temperature.^In the nitrogen-pres- 
surized system, the expansion tank is installed 
in the system as a ^andpipe arrangement so that 
the water does not flow through it. The water 
in the lower part of this tank is stagnant, except 
for the changes caused by expansion and con- 
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traction brought on by load fluctuations. If you 
assume that the water i§ virtually incompressible, 

^^^^^,^^e tank provides the space' avaijable * for these 

-'"^^^ changes in the system's water volume, 

8- 6* Here are some characteristics that are . 
typical of this design. The expansion tank is 
independent of the generator and remains cool. 
Corrosion is practically eliminated because the 
heating system is flooded, with the exception 
of the nitrogen space in the expansion (cushion) 
tank. When properly designed, the system is 
sealed with its fixed charge of water and nitrogen. 
However, this design does not contain a steam 
drum or any steam spaces which will permit 
the accumulation of steam. The generator tubes 

N^^irc-the^weakest-link^ i^^^^ system. An 

jf explosion caused by the dissociation of hydrogen - 
^ and oxygen cannot occur. The formation of steam 
cools the otherwise red-hot metal surfaces. Low- 
water conditipns do not allow the flashing of 
steam. " 

9. Operation 

9- L To insure normal operation, you fill the 
system with treated water taken from the water 
softener. To prevent oxygen corrosion, add the 
chemicals for treating the water to furnish 20 to . 
40 parts of sodium sulfite per million parts (ppm ) 

. of w;lf^er. You thereby maintain a pH value of 
9.3 to 9.9* While the water is circulating in the 
generator add in the system, you should fire the 
boiler at about 25 percent of its rated capacity 
to brirfg the syistem^tTp to normal operating tem- 
perature. You should allow the expansion drum 
vent in steam-pressurized-systems to blow for 
about 1 hour to rid the system of all oxygen and 
Other noncondensable gases. 

9-2. The startup and firing of HTHW boilers 
or generators are done in mudi the san;)e manner 
as for domestic hot water and stefm boilers, 
depending u^n the type of fuel-burning equip- 
ment use<lyThe specific startup and operating 
procedures' vary >yith different installations. 
Therefore, this information is furnished by your 
. local supervisor and the manufacturer of the 
equipment, 

9-3. Coal, oil, and gas are the types of fuels , 
normally used to fire the boilers of HTHW sysr 
tems* The specific type of fuel used will depend 
upon the type of fingg^ equipment installed iaJhe 
plant. Each typc^Tuel requires that designated 
inspections be made and that certain precautions 
be taken to eliminate fire and safety hazards. 

9-4. !inie i&dpection of fuels and material stor- 
age areas for fire and safety hazards was covered 
. ia some detail earlier in the course* The mspefe- 
tion and storage of coal was di^ciissed earlier. It 
is desirable, however, at this point to review some 



of the important aspects of the fire and safety 
precautions ^jp^ated to fuels. 

9-5, On' receipt, you inspect coal to insure 
that it iai relatively free of impurities. Spontane- 
ous fires and slack create hazards to the coal 
piles, which require watching. When you are 
transferring fuel oil from one tank to another, 
be sure that both tanks are grounded. Checks 
must then he made to insure that excessive oil 
pressures are not generated In the tanks by ex- 
pansion of the fuel. Although natural gas is not 
normally stored on a military post, liquid petro- 
leum (LP) gas is often stored near the heating 
plant. You should often check the areas where 
this gas is stored to insure that there is no leak- 
age. -Liquid petroleum gas is hea^Jlte than air 
and settles in low areas and createltexplosive 
hazards. When checking for gas leaks, use a 
standard soap solution. 

9- 6. Because of the large heat storage capacity 
of HTHW systems, the load demand change for 
the boiler is„sl6w and smooth. This characteristic 
provides for improved and safer operation than 
that' provided by the saturated-steam cushion. 
This brings us to the discussion ^bout the safety 
characteristics of HTHW, 

10. Safety Characteristics of Steam 
and Hot Water 

10- I. Oije pf the significant advantages of 
HTHW is ' its relative safety, especially at the 
point of use.. The many installations of steam 
arid hot-water heating systems are so familiar 
to us that we do not normally concern our- 
selves with the hazards that they can present. 
The high-energy content of HTHW has led to 
the common belief that it is less safe than other 
^heating media. In case of a break, however, 
this , energy is used in the change of state pro- 
cess and is not 'available to create a serious 
hazard. Consequently, the reverse is the ease. 
To describe what happens, we shall compare" 
the effects ijjpon the occurrence of a break or 
similar mechanical failure in each of four types 
of heating media which arc commonly used. 

10*2. Lov^Pressure Steam. A^eak in a low- 
pressure steam line results in the forcible ejection 
of steam, as long as the pressure persists, at a 
temperature slightly below that , of the steam 
in the pipe. Steam at 5 psi and 230^ F. dis- ' 
charges to the atmosphere at the temperature 
of approximately 229 F. and at the velocity 
of about 1500 feet per second. This is a definite 
hazard, because the steam rapidly envelops the 
inclosure at the ejection velocity and its tem- 
perature is high enough to cause considerable 
bodily harm to persons in this area. 
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10-3. iIigh*Pre$sure Steam. The Action of a 
break in a high-pressure steam line is similar 
to that described above for a low-pressure steam 
line. Because of the greater, expansion that takes 
place* there is a slightly greater .drop in tempera- 
ture with high-pressure steam. For example, steam 
at 125 psi and 300"* F. temperature is discharged 
into the atmosphere at 290* F. and a velocity 
of approximately 1,600 feet per seqond. The 
energy in the steam is converted into work 
(kinetic energy) as it flows out of the system. 
Again, this is a highly hazardous condition. 

10-4. tow*Pressure Hot Water, When a failure 
occurs in a low-pressure* hotrwater system, scald- 
ing water is emitted for a short time until the 
systgifi pressure reduces to atmospheric pressure. 
Since the temperature of the water is not above 
its boiling point at atmospheric pressure, flashing 
to steam does not occur. Water at 15 psi and 
200' F. temperature discharges through a break 
to atmospheric pressure at a temperature of ap- 
proximately 200^ F. and at a velocity of about 
175 feet per secorrd. Less hazard is presedt in 
this case than with steam, because the lower 
water ejection velocity does not tend to fill the 
inclosure. The condition, however, is still haz- 
ardous, especially in the case of ^overhead piping, 
because water at 200° F. can produce permanent 
injuries. 

10-5. Pressurized HTHW. Wheri'a break oc- ' 
curs in an HTHW line, a mixture' of water and 
steam is discharged to the atmosphere. Since the ^ 
temperature of the waj/rr^s well above its vapori- 
zation point at atmo^heric pressure, the energy 
in the water is used to convert a part of the 
water from the liquid state into the vapor state. 
This energy is used in the change of state process, 
and it is not available to do work (kinetic energy). 
Because the quantity of heat available is suffi- 
cient to vaporize only from 20 to 25 percent 
of the HTHW present, there is no energy avail- 
able to produce an explosion," Due to the pres- 
sure in the system, the ^mixture of steam and 
water is ejected initially at a high velocity. Since 
the pressure is maintained independently by a 
fixed quantity of nitrogen in the compression 
lank, the pressure falls rapidly and the velocity 
jyjjection drops to^ low value in a very short 
time. ' \ . ■ ' 

10-6. When 25 percent of the water vaporizes, ^ 
it obtains its heat energy from the other 75 
percent of the water. Therefore, ' the heat con- 
tent of the 75 percent of the water is ^reduced 
by that amount of heat which is used to vaporize 
the 25 percent. The resulting emission tempera- 
ture' of HTHW at 400^ F. drops to between 
120^ R and 130° F. 

ip-7. Boiler Versus Generator Failure. The 



explosion of a steam boiler can be the result of 
excessive steam pressure created inside the steam 
drum. When this happens, considerable damage 
is sustained by the heating plant. Severe steam 
boiler explosions, however, can also occur from 
the dissociation of hydrogen and oxygen in the 
tubes or drums. Dissociation takes place when- 
ever water comes into contact with a red-hot 
metal surface, such as would happen in arvhoilcr 
if the water level were allowed to drop too low 
and then be suddenly raised. When substantial 
amounts of hydrogen and oxygen accumulate 
in the steam drum, they blow the boiler and 
perhaps the building apart. 

10- 8. Forced circulation HTHW generators 
consist only, of tubes and headers, and they 
have no pressure vessels such as a steam or 
"mud" drum. The tubes (convectors) in the 
convection section of the furnace portion of the 
generator are the weakest link in the system's 
circuits. The thin gage metal of the tubes collapses 
from overheating when liquid contact is lost on 
the interior of the lubes for as short a time 
as 2 minutes. It is, therefore, not' possible to 
develop high steam pressures within the system 
because the tube failure occurs" in such a short 
lime.' The release of. water and , the consequent 
dro^ in pressure to atmospheric pressure upon 
the collapse of a generator tuoe prevents the 
formation of an explosive condition. 

11; Installing the. Piping System 

11- l. All piping in an HTHW system shoUld 
be welded. No screwed joints should be per- 
mitted, and flanges should be allowed only where 
necessary, such as at expansion joints, pumps, and 
generator connections. Only, schedule 40 black 
steel piping or -better is ysed for HTHW systems. 
Upon complexion, the entire heating system is 
subjected, to a test of 450 psi that lasts .for not 
less than 24 hours. 

11-2. The possibilities of line failure are very 
remote when the, construction recommended 
above is used. The system piping material is 
subjected to a' minimum factory lest of 700 psi. 
The generator tubes are subjected to an ASt^E 
test of 900 psi. AH valves and accessories are 
rated at working pressures of 540 to 1,075 ps; 
at 400'' F. The weakest link in the piping net- 
work lies within the generator tubing. The worst 
failure likely to occur is the loss of lubes, and 
therefore the generator. The safety of the piping 
system is maintained over the life Of the installa- 
tion because of the absence of corrosion in the 
hot-water heating systems due to boilerwater 
treatment. 
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